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. ABSTRACT 
T h i s t h e s i s i s concerned with the' production problems i n 
196H/65 of a company manufacturing i n s u l a t i n g m a t e r i a l s . The 
p r o j e c t i t s e l f was undertaken a t the request of the company, 
who Were f i n d i n g d i f f i c u l t y i n scheduling t h e i r production, 
p a r t i c u l a r l y of pipe i n s u l a t i o n , i n two d i f f e r e n t m a t e r i a l s , 
using a semi-automatic process. 
The t h e s i s has been w r i t t e n i n order to demonstrate the 
use of Operational Research Techniques', and to .show t h a t they 
fo l l o w the same d i s t i n c t stages as are: used i n S c i e n t i f i c 
Method. These a r e : ^ 
(1) Assessment of the problem 
(2) C o l l e c t i o n of data 
(3) A n a l y s i s of data 
(4) Simulation 
(5.) P r e p a r a t i o n of suggested s o l u t i o n s 
(6) Continuing check 
I n the a p p l i c a t i o n used, the author's o r i g i n a l assessment 
i s reproduced together with a c r i t i q u e , and i t i s shown t h a t 
a f t e r the c o l l e c t i o n and a n a l y s i s of data, a reassessment of 
the problem had to be made.' The co n c l u s i o n was reached t h a t 
( i ) 
the major problem e x i s t e d i n the equipment used to mould the 
i n s u l a t i o n p i p e - s e c t i o n s . The semi-automatic process i n c l u d e d 
the pouring of the s l u r r y - ^ l i k e raw m a t e r i a l i n t o "mould-blocks", 
which comprised a number of mould c y l i n d e r s of d i f f e r e n t s i z e s . 
I t was the d i s t r i b u t i o n of mould c y l i n d e r s t o the mould-blocks 
which appeared to cause the main d i f f i c u l t y i n scheduling 
production. 
By using a s c a l e drawing of a moulds-block s e c t i o n , and 
cardboard d i s c s to r e p r e s e n t the range of c y l i n d e r s i n s e c t i o n , 
a new c o n f i g u r a t i o n of mould-block was designed. A s i m u l a t i o n 
of production, by hand, was c a r r i e d out to demonstrate t h a t the 
new c o n f i g u r a t i o n was s u p e r i o r to the e x i s t i n g one, and a plan 
was prepared to c a r r y out the changeover with the l e a s t e f f e c t 
on c u r r e n t production. 
F i n a l l y , a computer s i m u l a t i o n of production was c a r r i e d 
out t o compare two d i f f e r e n t c o n f i g u r a t i o n s , which could have 
paved the way f o r the design of the optimum c o n f i g u r a t i o n . . 
( i i ) 
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INTRODUCTORY. MOTE 
Arrangement of T h e s i s 
The author has found i t n e c e s s a r y to i n c l u d e a c o n s i d e r a b l e 
number of Appendices, i n c l u d i n g diagrams, computer programs and 
outputj and d e t a i l s of p r a c t i c a l work done i n the course of the 
p r o j e c t . For t h i s reason he decided to i n s e r t these Appendices 
immediately f o l l o w i n g the Chapter t o which they r e f e r . A look 
a t the Contents pages w i l l make t h i s arrangement c l e a r . 
B ibliography 
The author has not employed the normal pra c t i c e , of 
annotating the t e x t of the. t h e s i s with r e f e r e n c e s t o books 
consul t e d . I n s t e a d of t h i s , the Bibliography at the end of 
the t e x t i n c l u d e s comments on relevance and use. 
Commercial S e c u r i t y 
Although the author has endeavoured to c o n c e a l the .identity 
of the Company, and other d e t a i l s , t h i s information w i l l be 
t r a n s p a r e n t l y c l e a r to anyone connected with the I n s u l a t i o n 
i n d u s t r y . R e l u c t a n t l y , t h e r e f o r e , the author cannot permit 
f r e e r e f e r e n c e t o t h i s work, i f . i t i s approved.for the award 
of the degree of M.Sc. Persons wishing.to r e f e r t o i t must 
t h e r e f o r e obtain h i s permission, which w i l l only be given a f t e r 
c o n s u l t a t i o n with the Company concerned. 
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( v i i ) 
THE PRODUCTION SCHEDULING OF THE. MANUFACTURE OF 
PRECISION MOULDED THERMAL INSULATION IN A CHEMICAL COMPANY 
CHAPTER 1 : INTRODUCTION 
GENERAL 
The p r o j e c t which forms the s u b j e c t of t h i s paper i s 
one which comes under the general d e s i g n a t i o n of "Operational 
Research". For t h i s reason, i t i s convenient t o introduce 
the paper.with a short account of the s c i e n c e of Operational 
Research. 
Operational Research (OR) has been d e s c r i b e d as the 
a p p l i c a t i o n of s c i e n t i f i c method t o management. Many 
o p e r a t i o n a l r e s e a r c h s c i e n t i s t s are u n w i l l i n g to give a 
more p r e c i s e d e f i n i t i o n , but S i r Cha r l e s Goodeve has s t a t e d 
t h a t 
"Operational Research i s a s c i e n t i f i c method of 
providing executive departments with a.quanti-
t a t i v e b a s i s f o r d e c i s i o n s regarding the 
operations under t h e i r c o n t r o l . " 
T h i s d e f i n i t i o n i s - examined more c l o s e l y below i n paragraph 
K c ) . 
(1) 
OR can u s e f u l l y be employed on the s m a l l e s t problems, 
such as the economic i n t r o d u c t i o n of a new machine; but f o r 
maximum e f f e c t i t should have a pervading i n f l u e n c e throughout 
the whole o r g a n i z a t i o n . 
OR does not n e c e s s a r i l y demand the use of a computer, 
but there i s often a need, f o r a l a r g e amount of c a l c u l a t i o n , 
and manual methods may be both i n a c c u r a t e and uneconomic. 
OR i s normally c a r r i e d out by an i n t e r d i s c i p l i n a r y 
team. The team may be composed of s c i e n t i s t s , e ngineers, 
economists, graduates i n a r t s , and indeed anyone who i s 
s k i l l e d i n l o g i c a l t h i n k i n g . The wide experience of such 
a team has the e f f e c t of making members produce good, 
workable, p r a c t i c a l s o l u t i o n s . Without OR t r a i n i n g , a 
mathematician may reach an academic answer which would not 
work under p r a c t i c a l 'conditions, whereas an engineer may 
o v e r s i m p l i f y and reach too coarse an answer. Together 
they may interchange ideas and produce s o l u t i o n s which would 
not have been achieved by e i t h e r i n i s o l a t i o n . 
I n t h i s p r o j e c t , members of the team included an 
engineer, a p h y s i c i s t , a m a t h e m a t i c i a n / s t a t i s t i c i a n , and 
r e s e a r c h a s s i s t a n t s t r a i n e d i n p h y s i c s and computing. 
HISTORY OF OR 
Before the 19 39-45 war^ top e x e c u t i v e s i n i n d u s t r y 
found very l i t t l e use f o r s c i e n t i s t s except i n t h e i r 
orthodox r o l e . On the outbreak of war, however, s c i e n t i s t s 
were turned to f o r a s s i s t a n c e with m i l i t a r y o p e r a t i o n a l 
problems. I n September 1940, PMS B l a c k e t t ( l a t e r P r o f e s s o r 
B l a c k e t t ) , the d i s t i n g u i s h e d B r i t i s h p h y s i c i s t , decided t o 
(2) 
b r i n g together a number of men with good s c i e n t i f i c 
t r a i n i n g i n a number of d i s c i p l i n e s , such as p h y s i o l o g i s t s , 
mathematical p h y s i c i s t s , ah a s t r o - p h y s i c i s t , a surveyor, 
and o t h e r s , t o study the performance of gun c o n t r o l equipment 
i n the f i e l d . The group became known .as " B l a c k e t t ' s 
C i r c u s " . Because t h e i r f i r s t s t u d i e s were devoted to the 
o p e r a t i o n a l use of r a d a r , and were c a r r i e d out by s c i e n t i s t s 
who had been working on r a d a r r e s e a r c h , t h e i r a c t i v i t y became-
known as "Operational Research". Two examples of m i l i t a r y 
Operational Research, one wartime, and one postwar i n which 
the author had f i r s t h a n d experience, are shown i n Appendix 
1A. U n t i l 1950, the s y s t e m a t i c a p p l i c a t i o n of OR was mainly 
confined t o m i l i t a r y problems, but s i n c e then, with the 
growth i n the use of computers, OR techniques have been 
i n c r e a s i n g l y a p p l i e d t o both i n d u s t r i a l and governmental 
problems. 
OR IN PRACTICE 
I t i s worth looking a t the d e s c r i p t i o n of OR (see above) 
again* F i r s t , i t i s d e s c r i b e d as a " s c i e n t i f i c method", 
which means t h a t OR i s an organized a c t i v i t y with a d e f i n i t e 
methodology of a t t a c k i n g a problem and f i n d i n g a s o l u t i o n 
t o i t . 
Secondly, i t i s a s e r v i c e to "executive departments", 
and by t h i s i s meant t h a t OR i s an a p p l i e d s c i e n c e , using 
s c i e n t i f i c techniques to solve a problem, the s o l u t i o n 
providing a b a s i s f o r d e c i s i o n s by an e x e c u t i v e such-as the 
Managing D i r e c t o r of a Company. i n the problem under 
i n v e s t i g a t i o n , i t w i l l be seen t h a t courses of a c t i o n were 
(3) 
proposed by the OR team, i t being l e f t t o the Board of 
D i r e c t o r s of the Company to decide whether or not t o adopt 
them. 
T h i r d l y , OR t r i e s t o provide a " q u a n t i t a t i v e b a s i s f o r 
d e c i s i o n s " . One of the main d i s t i n g u i s h i n g f e a t u r e s of 
OR i s the i n s i s t e n c e on the need - and the p o s s i b i l i t y ^ of 
q u a n t i f y i n g any problem. I n management g e n e r a l l y , too many ' 
d e c i s i o n s i n the past have been taken on "hunch", or with 
very l i t t l e r e l i a n c e on measurement. OR attempts t o q u a n t i f y 
as much as p o s s i b l e , even to the extent of measuring t h i n g s 
which have always been considered as imponderables - such 
as the value to management of information. So the OR 
worker presents the q u a n t i t a t i v e a s p e c t s of the problem i n 
a form t h a t i s understandable to management, i n d i c a t i n g 
those other aspects which he has not been able to q u a n t i f y , 
to enable top management to take as much as p o s s i b l e i n t o 
account i n reaching t h e i r d e c i s i o n . 
OR IN THIS' PROJECT 
S c i e n t i f i c Method i s b a s i c a l l y founded on measurement 
and f a l l s i n t o s e v e r a l d i s t i n c t s t a g e s : -
(1) Assessment of the problem 
(2) C o l l e c t i o n of data 
(3) A n a l y s i s of data 
(4) S imulation, or other methods of e s t i m a t i n g 
causes and e f f e c t s 
(5) P r e p a r a t i o n of suggested s o l u t i o n s 
(6) Continuing check 
.It w i l l be demonstrated i n the. course .of t h i s paper 
that. OR f o l l o w s the same approach. 
(4) 
(1) Assessment of the' problem 
At the outset i t i s n e c e s s a r y to a s s e s s the problem, 
to decide e x a c t l y what i t i s . I n t h i s p r o j e c t , w r i t t e n 
a p p r e c i a t i o n s of the problem were made before very much 
i n v e s t i g a t i o n had been c a r r i e d out, by two members of the 
OR team working on the p r o j e c t . ' The author's a p p r e c i a t i o n 
i s reproduced i n t h i s paper',, together with a c r i t i q u e of 
i t , w r i t t e n at the c o n c l u s i o n of the p r o j e c t . 
I n the l i g h t of f u r t h e r r e s e a r c h , and p a r t i c u l a r l y i n 
c o n s i d e r i n g the type and q u a n t i t y of. data which i s a v a i l a b l e , 
or can be obtained, the problem may r e q u i r e reassessment. 
T h i s was the case with the p r o j e c t under, c o n s i d e r a t i o n . 
(2) C o l l e c t i o n of data 
I n t h i s p r o j e c t a v a s t amount of data on production 
had been kept and was made a v a i l a b l e to the. OR team.. I n 
a d d i t i o n t o t h i s , the team c o l l e c t e d s u f f i c i e n t , f a c t u a l 
data on the equipment being used and i t s productive c a p a b i l i t y , 
and a l s o data on labour p o t e n t i a l . i n a p a r a l l e l study, 
sales, f i g u r e s for. demand were made .'available, and were, used 
l a t e r i n t h i s study. Very l i t t l e planning information -
.such as the Company's e f f o r t s at. f o r e c a s t i n g demand - was 
provided, nor were any d e t a i l e d c o s t s produced, although 
these were i n mind when the p r o j e c t was a b r u p t l y ended. 
(3) ' A n a l y s i s - o f data 
For a n a l y s i n g the data,, the. OR worker can c a l l on a 
number«'.of techniques to help him. These techniques i n c l u d e 
l i n e a r programming, c r i t i c a l path a n a l y s i s and mathematical 
s t a t i s t i c s . I n the present p r o j e c t , the main problem was 
(5) 
t h a t of handling v a s t q u a n t i t i e s of production s t a t i s t i c s . 
Average f i g u r e s were used f o r comparing despatches of the 
various " l i n e s " being made, t a k i n g i n t o account maximum and 
minimum despatches f o r f u t u r e planning. I n the main, 
however, most problems were handled using f i r s t p r i n c i p l e s . 
I n OR i t i s the exception r a t h e r than the r u l e t o be able 
to use techniques such as l i n e a r programming. T h i s p r o j e c t 
was no exception. 
(40 Simulation 
The use of s i m u l a t i o n techniques i n OR i s f r e q u e n t l y 
n e c e s s a r y . T h i s p a r t i c u l a r aspect i s w e l l demonstrated i n 
the p r o j e c t . F i r s t of a l l , a s i m u l a t i o n by hand of 
production of pipe s e c t i o n s was c a r r i e d out, and t h i s was 
followed by a computer s i m u l a t i o n t o compare d i f f e r e n t 
p l a n s . 
A p h y s i c a l "model" was a l s o used to plan the layout of 
mould c y l i n d e r s i n a mould block. 
(5) ' P r e p a r a t i o n of sugge's'ted s o l u t i o n s 
As a r e s u l t of the a n a l y s i s , and the s i m u l a t i o n , the 
OR worker expects t o be i n a p o s i t i o n t o present one or more 
p o s s i b l e s o l u t i o n s for. c o n s i d e r a t i o n by the e x e c u t i v e . I n 
t h i s case, a p o s s i b l e s o l u t i o n was put-forward, together 
with a plan f o r c a r r y i n g i t out. 
(6) ' Continuing check 
Normally, the OR worker must, continue to check the 
v a l i d i t y of h i s model as new-data becomes a v a i l a b l e , and 
w i l l a l s o check the c a r r y i n g out of the plan i n p r a c t i c e . 
I n our study, t h i s was not p o s s i b l e due. t o the t e r m i n a t i o n 
of the c o n t r a c t . 
C6) 
The f o l l o w i n g chapters give an account of the course 
of the p r o j e c t . The f i n a l chapter d i s c u s s e s the r e s u l t s 
of the p r o j e c t , and co n s i d e r s what might have been achieved 
i f the p r o j e c t had been allowed-to continue. 
(7) 
Appendix 1A 
TWO EXAMPLES. OF. MILITARY. .OR AND AN. ANALOGY. WITH. INDUSTRY 
1. A i r c r a f t Ahti-'submarine: Depth' Bombs 
An examination of the o p e r a t i o n a l r e s u l t s of the f i r s t 
use of new equipment often i n d i c a t e s t h a t a s l i g h t m o d i f i c a -
t i o n of the equipment w i l l make i t very much more e f f e c t i v e ; 
an example i s the development of the use of a i r c r a f t as an 
anti-submarine weapon. The Germans underestimated the value 
of a i r c r a f t , versus submarines. I n the end a i r c r a f t played 
a very important p a r t i n the defeat of the U-boat i n the 
A t l a n t i c . 
E a r l y i n World War I I B r i t i s h C o a s t a l Command, used 
ordinary bombs i n t h e i r a t t a c k s a g a i n s t submarines. They 
were obviously not e f f e c t i v e , s i n c e they exploded on the 
.surface of the water, and i f . they, d i d s t r i k e the deck of the 
submarine, they seldom.penetrated the p r e s s u r i z e d h u l l . Depth 
charges were t h e r e f o r e adapted f o r . a i r c r a f t dropping. These 
ensured an underwater e x p l o s i o n , which would be much more 
e f f e c t i v e . Here,- argument arose as to what should be the 
depth s e t t i n g . I t was not p o s s i b l e to change the s e t t i n g i n 
. the a i r c r a f t j u s t p r i o r t o a t t a c k , so t h a t an estimate had to 
be made as to the best average s e t t i n g f o r a l l a t t a c k s , and 
t h i s s e t t i n g had to be. used always. 
A number of .squadrons s e t t h e i r depth bombs to explode 
a t 1.50. f e e t : ' but .submarines a t 150, f e e t . could not be seen, 
and t h e r e f o r e could not be attacked! Submarines near the 
.surface which could be seen would only be somewhat shaken by 
an explosion a t 150. f e e t depth. The. depth s e t t i n g was n e x f 
reduced to .50. f e e t as a compromise. A f t e r a year of argument» 
(8) 
a numerical a n a l y s i s was made which s e t t l e d i t . 
The fundamental question was the s t a t e of submergence of 
the submarine at the i n s t a n t the a t t a c k i n g plane dropped i t s 
depth charge. I f a great number of a t t a c k s were made when 
the submarine was on the s u r f a c e , then even the 50 f e e t s e t t i n g 
was too deep. An explosion -at such a depth was too f a r away 
from the pressure h u l l of a surf a c e d submarine to have much 
chance of causing l e t h a l damage. I f the submarine was i n 
the a c t of d i v i n g , or had j u s t dived at the i n s t a n t of a t t a c k , 
perhaps the 50 f e e t s e t t i n g was r i g h t . 
However, a t t a c k s a f t e r the .submarine had dived were much 
l e s s l i k e l y t o be accurate than a t t a c k s on sur f a c e d submarines. 
Even i f the m a j o r i t y of a t t a c k s were made on submarines which 
had submerged a minute or more before a depth charge was 
dropped, i t was not s e n s i b l e t o make the s e t t i n g best f o r these 
c a s e s , as the chance.of success was low anyway. The depth 
s e t t i n g should be determined by the type of a t t a c k which had 
the best chance of su c c e s s . T h i s was the a t t a c k on the 
surfaced submarine - u n l e s s t h i s was a n e g l i g i b l e f r a c t i o n of 
the whole. 
Examination .of o p e r a t i o n a l r e s u l t s i n d i c a t e d t h a t i n 
40% of cases,, the a t t a c k was made on a surf a c e d submarine, 
and i n another 10% p a r t of the submarine was. v i s i b l e when the 
depth charge was dropped: i . e . , i n h a l f the cases the 50 
f e e t s e t t i n g was. too deep. I n the other ( l e s s a c c u r a t e ) h a l f , 
the 50 f e e t s e t t i n g might have been satisfactory-.- A 
numerical a n a l y s i s of the chances of success of the a t t a c k 
as a f u n c t i o n of: the degree of submergence of the submarine 
(9) 
i n d i c a t e d t h a t a change i n depth s e t t i n g from 50 f e e t t o 
25 f e e t would at l e a s t t r i p l e the chance of success of the 
average a t t a c k . 
The d e c i s i o n was then made to change the depth s e t t i n g 
to 25 f e e t , and t o i n s t r u c t p i l o t s hot to drop depth bombs 
i f the submarine had a l r e a d y submerged f o r more than h a l f a 
minute. Within a few months of t h i s d e c i s i o n , the a c t u a l 
e f f e c t i v e n e s s of a i r c r a f t anti-submarine a t t a c k s i n c r e a s e d 
by a f a c t o r of more than 2. 
2. A T a c t i c a l War Game 
In the e a r l y 1950's i t was considered important to t r y 
and f i n d out what e f f e c t s on t a c t i c a l d o c t r i n e the use of 
n u c l e a r weapons i n the f i e l d would have. A " T a c t i c a l War 
Game" was s e t up i n order t o study these e f f e c t s . T h i s was 
an example of a very s o p h i s t i c a t e d Model, and a c o n s i d e r a b l e 
amount of r e s e a r c h had t o be c a r r i e d out before i t could be 
s e t up. The h i s t o r i c a l a r c h i v e s of the (then) War. O f f i c e 
had t o be explored, and the s t a t i s t i c s of .such t h i n g s as the 
outcome of b a t t l e s i n World War IT obtained. F o r • i n s t a n c e , 
i t might be discovered t h a t when a b a t t a l i o n group att a c k e d 
a brigade (bigger), group, i n 8 times out of .20 the b a t t a l i o n 
group was s u c c e s s f u l , each side s u f f e r i n g a d i f f e r e n t 
percentage of c a s u a l t i e s . These s t a t i s t i c s took i n t o 
account such th i n g s as the achievement' - or not - o f 
s u r p r i s e , the r e l a t i v e m e r i t s of the commanders, the r e l a t i v e 
f a t i g u e or morale of the two s i d e s , and many,other 
imponderables. A l l such . s t a t i s t i c s were w r i t t e n i n t o a 
i 
(10) 
"Rule Book" f o r use when the model was s e t up. 
At the same time, d e t a i l s of the e f f e c t s of d i f f e r e n t 
s i z e s of n u c l e a r weapons, exploded at various a l t i t u d e s , 
were obtained from the United S t a t e s , and these and other 
meteorological s t a t i s t i c s were included i n the "Rule Book". 
The c o n s t r u c t i o n of t h r e e models was a l s o put i n hand. 
The models a l l showed the same area of European country, 
and were l a y e r e d t o show contours, and coloured t o show 
f o r e s t s , f i e l d s , towns, r i v e r s and communications. Small 
p i e c e s were a l s o made to i n d i c a t e d i f f e r e n t arms ( i n f a n t r y , 
gunners, e t c . ) u n i t s (companies, b a t t a l i o n s , e t c . ) and 
weapons. The three map models were, then s e t up i n three 
d i f f e r e n t rooms, one f o r the 'Red' f o r c e , one f o r the 
'Blue', and the t h i r d f o r 'Control'. Each s i d e was i n 
contact with ' C o n t r o l 1 , by s e v e r a l telephones and a l s o by 
'runner'! 
A l l t h i s preparatory work took s e v e r a l y e a r s , at. the-
end of which the model was ready f o r the p r o s p e c t i v e 
p a r t i c i p a n t s , c o n s i s t i n g of s e n i o r army o f f i c e r s . Two 
such o f f i c e r s would be given command of the 'Red' and .'Blue' 
f o r c e s , and a f t e r a p r a c t i c e match, to get the. f e e l of the 
method of p l a y , they would each be presented with an 
opening s i t u a t i o n , t e l l i n g them about t h e i r own; f o r c e s i n 
d e t a i l , and c e r t a i n I n t e l l i g e n c e information about, the 
enemy f o r c e s . The game was u s u a l l y s t a r t e d a t the point 
when 'Red' f o r c e s were poised ready t o a t t a c k a c r o s s the 
f r o n t i e r , and each fo r c e commander was asked t o make a 
w r i t t e n "Appreciation of the S i t u a t i o n " , which was handed 
i n t o 'Control'. 
(11) 
The game was then s t a r t e d , moves being made every hour 
of "game time". Force commanders, who were able to c o n s u l t 
with "war game e x p e r t s " , were f r e e to use any t a c t i c s or 
s t r a t e g y they chose - although i t was i n t e r e s t i n g to note 
t h a t unconventional t a c t i c s did not pay o f f , with some 
notable exceptions. Each game l a s t e d between t h r e e and 
four weeks of a c t u a l time, r e p r e s e n t i n g only t h r e e or four 
days of "game time". 
By the time t h a t a dozen or more i d e n t i c a l games had 
been played, c e r t a i n t r e n d s became apparent, enabling new 
t a c t i c a l d o c t r i n e s t o be formulated. I n a d d i t i o n , one 
game was played using conventional weapons only, and the 
r e s u l t s bore a good resemblance to a c t u a l engagements of 
a s i m i l a r nature i n Europe during the l a s t war, which 
e s t a b l i s h e d a degree of confidence i n the "Rules". I t i s 
fortunate t h a t there has been no chance as y e t t o apply the 
l e s s o n s l e a r n t t o a r e a l s i t u a t i o n ! 
3. ' An Analogy w i t h 'Industry 
A m i l i t a r y s i t u a t i o n has many po i n t s which are', common 
to i n d u s t r y . A m i l i t a r y commander ( a manager) may wish t o 
s t o c k p i l e s h e l l s (products) i n order t o l a y down; f i r e 
( t a c k l e a market). The s i z e of the stock w i l l depend on 
armament supply (manufacture of goods) and expected r a t e of 
f i r e ( s a l e s ) . But now there happens to be an enemy 
(competitor) with a good i n t e l l i g e n c e s e r v i c e (market 
i" 
r e s e a r c h ) . He plans h i s a t t a c k , or forms a s t r a t e g y , 
based upon the d e s i r a b i l i t y of t a k i n g h i s a c t i o n when the 
other s i d e ' s stocks are • low a' e,tc., e t c . 
(12) 
CHAPTER 2 : BACKGROUND OF THE PROBLEM 
(a) COMPANY ORGANIZATION 
T h i s p r o j e c t i s concerned with a group of companies 
whose main business i s the i n s u l a t i o n of b o i l e r s and pipe 
work i n Power S t a t i o n s , O i l R e f i n e r i e s , Ships and the like... 
One of the group - "Company A" - i s the main Thermal 
I n s u l a t i o n Contractor i n v o l v e d i n s i t e work, and t h i s 
Company normally employed between 1,000 and 1,200 s i t e 
o p e r a t i v e s throughout the country at the time of the 
p r o j e c t . They were the major customers of "Company X", 
the member of the group r e s p o n s i b l e f o r the manufacture of 
i n s u l a t i n g m a t e r i a l s , the a c t i v i t i e s of which company 
provided the problem d i s c u s s e d i n t h i s t h e s i s . 
(b) ' SITE' WORK FACTORS 
At the same time the operations of Company "A" have 
an important bearing on the problem, because of the 
p a r t i c u l a r degree of urgency which surrounds t h e i r work. 
Thermal i n s u l a t i o n i s u s u a l l y among the. l a s t jobs t o be 
done on a s i t e . F requently, due to delay s by other sub-
c o n t r a c t o r s i n the course of the p r o j e c t , the main c o n t r a c t 
w i l l be behind schedule * and may even be overdue f o r 
completion when the I n s u l a t i o n C o n t ractors a r r i v e on s i t e . 
(13) 
T h i s f a c t o r causes a great d e a l of u n c e r t a i n t y as to 
e x a c t l y when the i n s u l a t i n g m a t e r i a l s are r e q u i r e d , and 
there i s a l s o pressure from the main c o n t r a c t o r s f o r an 
uneconomically l a r g e labour f o r c e to be deployed i n order 
t o r u s h the completion of the p r o j e c t . 
Due, therefore., t o the d i f f i c u l t y of f o r e c a s t i n g 
e x a c t l y when the m a t e r i a l s are r e q u i r e d - and i n f a c t even 
the exact s i z e s and q u a n t i t i e s - the manufacturing company 
may have a sudden, heavy demand pla c e d on i t which, under 
p r e v a i l i n g c o n d i t i o n s , i t i s not capable of meeting. T h i s 
causes emergency measures t o be taken, "which throw i n t o 
chaos the production planning and scheduling which has been 
done. I t a l s o r e s u l t e d i n Tad hoc' a d d i t i o n s and improve-
ments being made to the manufacturing f a c i l i t i e s to get 
over each p a r t i c u l a r c r i s i s , i n s t e a d of doing t h i s on a 
planned b a s i s . 
MANUFACTURING PROCESS 
E s s e n t i a l l y , Company "X" employs a moulding pro c e s s , 
s i m i l a r i n some ways t o foundry work but very h i g h l y 
automated, to produce the i n s u l a t i o n . O r i g i n a l l y however, 
the i n s u l a t i o n was made by hand, using, very p r i m i t i v e 
methods; indeed, even today a s m a l l but s i g n i f i c a n t 
proportion i s made i n t h i s way, and one of the byproducts 
of t h i s study could have been the p o s s i b i l i t y of f i n a l l y 
abandoning hand methods. 
For the automated p r o c e s s , two m a t e r i a l s are inv o l v e d 
(For notes on the chemical process see Appendix 2A). The 
f i r s t , known as "SUPERMAG", i s based on magnesium carbonate 
(14) 
i t has been i n production f o r s e v e r a l y e a r s , and demand f o r 
i t remains steady. The second, c a l l e d "PARATEMP", i s 
based on calcium s i l i c a t e ; t h i s has only been i n production 
s i n c e 1963, but i t can i n s u l a t e up t o higher temperatures; 
i t i s more c o s t l y at pr e s e n t , but demand f o r i t has i n c r e a s e d 
s t e a d i l y , and t h i s tendency i s becoming more marked, i n 
consequence of'which i t s p r i c e should become lower. 
The process i s i l l u s t r a t e d diagrammatically at 
Appendix 2B. A f t e r a chemical process c a r r i e d out elsewhere 
i n the works, the raw m a t e r i a l f o r both types of i n s u l a t i o n 
a r r i v e s i n the form of s l u r r y . T h i s i s s t o r e d t e m p o r a r i l y 
i n stock tanks high up i n the b u i l d i n g where manufacture i s 
c a r r i e d out. T h i s s l u r r y i s drawn o f f i n t o buckets suspended 
from a monorail system (see Appendix 2C). The operator i n 
charge can s e l e c t the weight r e q u i r e d f o r the p a r t i c u l a r 
mould-block he i s d e a l i n g w i t h , from a c e n t r a l console. 
The r e q u i r e d amount of s l u r r y i s then a u t o m a t i c a l l y weighed 
and t i p p e d i n t o a monorail bucket, and conveyed t o one of 
the twenty-three s t a t i o n s which are s e t up t o r e c e i v e i t . 
The raw m a t e r i a l i s a u t o m a t i c a l l y t i p p e d from the monorail 
bucket i n t o a funnel at the top of the mould-block, which 
i s c o n t r o l l e d by an operator on the f l o o r below. A f t e r 
steam heating f o r a c o n t r o l l e d p e r i o d , the s l u r r y s o l i d i f i e s , 
forming p i e c e s of wet i n s u l a t i o n . These are removed by 
hand and pla c e d on bogies. The supermag p i e c e s are taken 
s t r a i g h t t o drying s t o v e s , l o c a t e d i n b a t t e r i e s i n t u n n e l s , 
each served by a separate h e a t i n g system. The paratemp 
i n s u l a t i o n has to go through an e x t r a process i n an autoclave 
to complete the chemical r e a c t i o n , before being taken to 
the drying sto v e s . 
(15) 
The number of drying stoves has been i n c r e a s e d from 
time t o time as r e q u i r e d . At one stage i t was considered 
n e c e s s a r y t o i n c r e a s e the s i z e of the t u n n e l s , so new ones 
were b u i l t t o t h i s l a r g e r s i z e , and wider bogies were 
acquired, which w i l l not f i t i n the older t u n n e l s . T h i s 
i s an example of the way i n which the f a c i l i t i e s have been 
added t o , making scheduling and planning more d i f f i c u l t . 
The two m a t e r i a l s - supermag and par.atemp - must be 
d r i e d i n d i f f e r e n t t u n n e l s , and the p i e c e s of i n s u l a t i o n 
remain there f o r about one week. As the previous process 
i s c a r r i e d out i n a matter of hours, a con s i d e r a b l e q u a n t i t y 
of i n s u l a t i o n i s stocked i n the drying t u n n e l s , and t h i s 
stock i s not taken i n t o account u n t i l i t l e a v e s the t u n n e l s . 
When the drying process i s complete, the pieces, of i n s u l a -
t i o n are put onto a conveyor f o r f i n i s h i n g . T h i s c o n s i s t s 
of trimming, c u t t i n g t o s i z e , s p l i t t i n g the pipe s e c t i o n s 
i n h a l f , and very often machining the .surfaces' t o an accu r a t e 
dimension. Some of t h i s work, i s done by machine, and some 
by hand. The f i n i s h e d p i e c e s are then packed, either, f o r 
despatch or f o r storage. 
LABOUR FACTORS 
The p l a n t d i s c u s s e d above normally used t o work on a 
fi v e - d a y , f i f t e e n - s h i f t week. . Each s h i f t was! composed of 
a foreman and s i x men, and the s h i f t s ran from 7 a.m. Monday 
through t o 7 a.m. Saturday. I n each 8-hour s h i f t , , the 
f i r s t 6^ hours was spent on production, arid the remaining 
l j hours on c l e a n i n g out the mould-blocks and other equipment 
A group bonus system was i n operation, and the s h i f t s 
(16) 
r o t a t e d each week, so t h a t the ni g h t work and e a r l y s h i f t s 
were shared out f a i r l y . The s i z e of s h i f t employed was 
s u f f i c i e n t t o cope with the demand which then e x i s t e d , and 
indeed t o i n c r e a s e each s h i f t by even one man would have 
been uneconomical, bearing i n mind the extent to which the 
whole process had been automated. The teams did produce 
a l a r g e amount of i n s u l a t i n g m a t e r i a l , and i t would have 
been almost impossible to obtain a pro r a t a i n c r e a s e with 
one e x t r a . So the tendency was f o r men to-work overtime 
at week-ends when e x t r a production was needed, or f o r the 
e x t r a q u a n t i t i e s to have been made by hand methods. 
EQUIPMENT FACTORS 
The mould-blocks used t o form the i n s u l a t i o n were 
extremely complex and t h e r e f o r e expensive p i e c e s of 
equipment. Both the blocks and, i n the case of pipe 
s e c t i o n s , the c o r e s , were e x t e n s i v e l y j a c k e t e d , as steam 
heating i s r e q u i r e d t o complete the chemical process ( i n 
the case of supermag) and t o cause the s l u r r y t o s o l i d i f y . 
Each mould-block was designed t o contain a number of 
i n d i v i d u a l mould s i z e s , each producing 3 f e e t lengths of 
i n s u l a t i o n . There were two main types of block i n 
e x i s t e n c e , " s l a b moulds" producing s l a b s of i n s u l a t i o n f o r 
f l a t and s l i g h t l y curved s u r f a c e s , and " s e c t i o n moulds" 
producing i n s u l a t i o n f o r pipes of a range of diameters 
11" 5" 
from u P 8-g . The range of t h i c k n e s s e s produced 
was 1 i n c h , I 5 i n c h e s , and 2 i n c h e s , with a s m a l l number 
at 2g inches and 3 inches.' Out of a t o t a l of 25 mould-
b l o c k s , 9 produced s l a b i n s u l a t i o n , and 16 produced 
(17) 
s e c t i o n s . The blocks producing s l a b s were r e l a t i v e l y 
simple i n design, but each s e c t i o n block, with few 
exceptions, c a t e r e d f o r a range of d i f f e r e n t s i z e s . The 
range of mould-blocks are shown - diagrammatically i n d e t a i l 
a t Appendix 3C. 
(18) 
Appendix 2A 
NOTES. ON THE. CHEMICAL PROCESS 
SUPjERMAG 
The raw m a t e r i a l from which supermag i n s u l a t i o n i s 
made a r r i v e s a t the moulding process i n the form of a s l u r r y . 
The chemical composition of t h i s s l u r r y i s mainly Magnesium 
Carbonate T r i h y d r a t e ^ MgCOg.SHgO - which has a c r y s t a l l i n e 
s t r u c t u r e i n the form of hexagonal prisms. T h i s , at the 
time of the p r o j e c t , was mixed with 15% blended asbestos 
f i b r e to i n c r e a s e the s t r e n g t h . 
I n the moulding p r o c e s s , the s l u r r y i s heated under 
pressure to a temperature of 210°F, which causes chemical 
change to take p l a c e . The Magnesium Carbonate T r i h y d r a t e 
decomposes, g i v i n g o f f Carbon Dioxide,, forming l i g h t b a s i c 
Magnesium Carbonate - 4MgC0 3.Mg(0H) 2.4H 20. T h i s m a t e r i a l 
has quite a d i f f e r e n t , c r y s t a l l i n e s t r u c t u r e , forming 
a c i c u l a r c r y s t a l s , shaped l i k e long needles. These 
n e e d l e - l i k e c r y s t a l s i n t e r t w i n e and k n i t together, and with 
the asbestos f i b r e , r a t h e r l i k e the s t r u c t u r e .of a b i r d ' s 
n e s t , and i n doing so t r a p a l a r g e q u a n t i t y of a i r , which 
i s of course the i n s u l a t i n g agent. 
The lengths of time, and the. temperatures, i n the moulds 
and i n the drying stoves are c r i t i c a l t o the. c o r r e c t 
formation of the a c i c u l a r c r y s t a l l i n e s t r u c t u r e . Drying 
takes p l a c e over a period of about one week,, the temperature 
at the s t a r t being 212°F. T h i s temperature i s g r a d u a l l y 
r a i s e d t o a maximum, at the end .of the p r o c e s s , o f 2 36°F. 
• (19) 
T h i s i n s u l a t i n g m a t e r i a l i s only capable of i n s u l a t i n g 
up to 600°F. Above t h i s temperature, the water comes out 
of the c r y s t a l s , causing the i n s u l a t i o n t o break down. 
2. PARATEMP 
As with supermag, the raw m a t e r i a l a r r i v e s a t the 
moulding process as a s l u r r y , the chemical composition being 
Calcium S i l i c a t e i n the form of a r t i f i c i a l Tobermorite 
c r y s t a l s (hydrated) - so c a l l e d because the n a t u r a l , m a t e r i a l 
i s found i n l a r g e q u a n t i t i e s at Tobermory i n Scotland. 
During the moulding p r o c e s s , the s l u r r y i s heated , 
under p r e s s u r e , which causes . i t t o s o l i d i f y , but no chemical 
change t a k e s place at t h i s stage. The wet p i e c e s of 
paratemp, on removal from the moulds, have to be handled 
extremely c a r e f u l l y , and placed on the bogies i n an i n t e r -
l o c k i n g p a t t e r n , and c a r e f u l l y supported so that, they w i l l 
not warp during' the remainder of the process. 
From the moulds, the p i e c e s of i n s u l a t i o n are. conveyed 
on the bogies to the autoclave. Here they are s u b j e c t e d 
to a pressure of 190' p . s . i . , and heated i n .steam at a 
temperature of 3 8 0 ^ f o r seven hours. During t h i s p e r i o d , 
chemical change takes p l a c e , from Tobermorite c r y s t a l s to 
a r t i f i c i a l W o l l a s t o n i t e c r y s t a l s , which are anhydrous. 
From the a u t o c l a v e , the paratemp i s taken through the 
same drying process as f o r supermag, although t h e r e i s not 
the same need f o r r i g i d care with the drying temperature. 
Paratemp i s a s a t i s f a c t o r y i n s u l a n t up to 1200°F. 
(20) 
••u'EMP • 












.Tower ( s o l n . ) 
Carbona-
t i o n Reaction 
V e s s e l 
y B o i l e r 
F l u e Gas 




Preheating Moulding ^ 
Calcium S i l i c a t e I n s u l a t i o n 
on bogies 85% Super Magnesia 
I n s u l a t i o n 
* Bogies Bogies 
Drying Stoves 
Automatic weighing 
and despatching t o 
moulds 
























CO - H TH. 
+J +J +J a) d) id -p -p 
O CO to 
.Q bO bO C G 



















CO ,G cu •p 
rH O 1 
>> O rH 
*—* rd 
•H 
CO rH •p CU •P 
•H rd rH E 
t-» o 
r\ rd c a) ' o 
•rH o -P •p 
rd •P «H 
CO H 
rd 
QJ rC G 0 • a) 
& c >» £ o G <D 
rd +J •o 
rd QJ 6 h >> O rd 0 
U ft H in ft 
CD " 0 *o 
(U 
> CO >> <u -p H 
•H 4H rH .G "H rd 
CJ iH s 
rd rH 
CO . O O 1 a 
+-I LO 
0) 
<U & rH 
rH O rd 
•H « CO 
CO CO •P 
'CO Fn (L) • O 3 >> ft O O rH 3 -P 
CO XH rC 
•H CM M 
Q) »H -P C rC H 
H -H EH CO 
(22) 
CHAPTER 3 : PRELIMINARY WORK 
APPRECIATION OF THE PROBLEM 
At a f i r s t meeting with the Managing D i r e c t o r and 
D i r e c t o r s of the Company the s i t u a t i o n as presented i n the 
f i r s t two paragraphs of s e c t i o n 2 of t h i s paper was 
expounded, and a l s o an expl a n a t i o n of the problems confront-
ing the Company. As a r e s u l t of t h i s , and before 
examining the f a c t o r y , an a p p r e c i a t i o n of the problem was 
w r i t t e n , a copy of which appears at Appendix 3A, together 
with a c r i t i q u e of i t , w r i t t e n a f t e r work on the p r o j e c t was 
completed. 
T h i s paper shows the f i r s t thoughts on the s u b j e c t , and 
the c r i t i q u e shows to what extent ideas were changed as a 
r e s u l t of the i n v e s t i g a t i o n s . I n p a r t i c u l a r , a t t e n t i o n i s 
drawn t o paragraph 4 Conclusions ( a ) and ( b ) . The i n f l u e n c e 
of computers on Operational Research methods was not • 
appr e c i a t e d , and these c o n c l u s i o n s were i n c o r r e c t i n the 
l i g h t of the c u r r e n t f a c i l i t y f o r a t t a c k i n g problems on a 
wide f r o n t using the power of the computer. 
A paper of t h i s k i n d i s a u s e f u l s t a r t i n g point f o r an 
OR study. Although some concl u s i o n s turned out t o be wide 
(23) 
o f the mark, o thers - such as Conclusion 4(e) - p o i n t e d the 
way i n which the p r o j e c t would progress . 
A f t e r t h i s f i r s t paper , work was concentra ted on g e t t i n g 
t o know the complete p i c t u r e o f p r o d u c t i o n as c a r r i e d on a t 
the f a c t o r y . V i s i t s were made and d iscuss ions h e l d w i t h the 
Works Manager and members o f h i s s t a f f . The p r o d u c t i o n 
process was c a r e f u l l y examined f r o m s t a r t t o f i n i s h , as 
descr ibed i n s e c t i o n 2. A v i s i t was made t o a t y p i c a l s i t e 
a Propane Reforming U n i t . This, v i s i t , which i s r e p o r t e d i n 
Appendix 3B, gave a va luab le i n s i g h t i n t o the way i n which 
i n s u l a t i n g m a t e r i a l s are. used on s i t e . The d i f f i c u l t y i n 
f o r e c a s t i n g the exact requirements o f i n s u l a t i n g m a t e r i a l s 
was apprec ia ted by t h i s p r a c t i c a l i n s p e c t i o n . 
AVAILABLE DATA 
Dur ing the v i s i t s t o the works , va r ious documents were 
ob t a ined , g i v i n g d e t a i l s o f recent and c u r r e n t p r o d u c t i o n , 
and data about the equipment used. These documents, which 
are descr ibed b r i e f l y below and o f which r e l e v a n t e x t r a c t s , 
where necessary, are appended, compr i se : -
Mould Data Sheets and r e l a t e d papers . Appendix 3C 
( r e l e v a n t e x t r a c t s ) 
Chart g i v i n g l o c a t i o n and composi t ion o f Mould 
Blocks 
Summary Record o f despatches o f supermag and paratemp 
1960-1964 i n c l u s i v e . Appendix 3D i s an example 
o f the amount o f data f o r one o f the two m a t e r i a l s , 
a l though the a c t u a l f i g u r e s were d i f f e r e n t . This 
Appendix was prepared f o r a case study on the p r o j e c t . 
(24) 
Master Produc t ion Stock and Demand ..Sheets. 
Appendix 3F 
U t i l i z a t i o n o f E x i s t i n g Moulds by Core-changing. 
Appendix 36 (abr idged) 
Mould Data Sheets (Appendix 3C) 
The Mould Data sheets gave d e t a i l s o f the mould-b locks , 
i n which the pieces o f i n s u l a t i o n are made. Relevant 
e x t r a c t s have been taken and are recorded a t Appendix 3C. 
As was exp la ined i n chapter 2 , most o f the mould-blocks are 
capable o f making more, than one s ize o f i n s u l a t i o n , the 
except ions be ing b locks X , - Y , Z . . The d e t a i l s r e g a r d i n g 
t h i c k n e s s , s i z e , and number, o f c y l i n d e r s i n each b l o c k , are 
shown i n the. f i r s t f o u r columns o f Appendix 3C. The next 
two columns show the dry weight o f i n s u l a t i o n , f o l l o w e d by 
. the number o f cyc les per week. Less paratemp i s produced 
due t o the e x t r a process i n the a u t o c l a v e , as a l ready 
desc r ibed . The next columns show the ou tpu t per week. 
Char t 'giving" Locations; o f MouTd^bTocks 
This cha r t gave a complete p i c t o r i a l r e p r e s e n t a t i o n o f 
each mould-block and the- . s t a t i o n a t which . i t was' no rma l ly 
. used. The i n f o r m a t i o n , as. f a r as p ipe i n s u l a t i o n i s con-
. cerned, i s shown i n the las t , two columns o f Appendix 3C. 
'Summary Record o f 'Despatches o f Sup'e'rma'g and Parat'emp 
19:60-1961 (Appendix ~3D) 
A summary o f t he monthly despatches .of supermag f o r 
the years 19.60 t o 1964- i n c l u s i v e was p r o v i d e d , t oge the r 
w i t h the a c t u a l records o f despatches f o r each cos t p e r i o d 
(4 weeks) i n the '5 years, concerned. The summary i s shown. 
i n the. fo rm o f Appendix" 3D, which was produced, f o r a case 
(25) 
• study based on t h i s p r o j e c t , the f i g u r e s hav ing been co r rup t ed 
t o avo id p r e j u d i c i n g commercial s e c u r i t y . As can be seen, 
the re was a mass o f f a c t u a l data conta ined i n these r e c o r d s , 
and t h e summary gave the maximum, minimum, and average 
q u a n t i t i e s despatched f o r each p ipe s ize i n 1 i n c h , l j i n c h 
and 2 i n c h t h i c k i n s u l a t i o n per cost p e r i o d o f f o u r weeks. 
The summary a l so gave despatches o f 2J i n c h and 3 i n c h t h i c k 
i n s u l a t i o n f o r 196 4 o n l y . 
For paratemp, the summary was on ly fo r . the two years 
1963 and 1964, f o r each th ickness f r o m 1 i n c h t o 3 i nches , 
t oge the r w i t h the a c t u a l records of-despatches f o r each cos t 
p e r i o d o f f o u r weeks. 
From these records, char t s were produced o f despatches, 
the most impor tan t be ing the. despatches o f 1 i n c h t h i c k and 
1J i n c h t h i c k supermag, which i s shown' a t Appendix 3E. The 
main conclusions, f r o m examining these' char t s a r e : -
(a) The big. v a r i a t i o n i n q u a n t i t i e s despatched 
between' p ipe size's'-. 
(b) The r a t i o o f maximum despatch t o average 
despatch i s less. than. 2 i n the' case o f 
popular size 's , b u t i s much g rea t e r i n the 
. case o f t he less popular s i z e s . Fore-
c a s t i n g the demand f o r less popula r size's 
. w i l l be', co r respond ing ly more, d i f f i c u l t 
. due t o the large, v a r i a t i o n s i n demand. 
Master 'Production' Stock' 'and TJemahd Sheet's (Appendix 3F) 
These sheet's are produced by the works each week, and 
are supposed t o show the q u a n t i t y o f i n s u l a t i n g m a t e r i a l s 
(26) 
J 
a c t u a l l y manufactured d u r i n g the past week, t o g e t h e r w i t h 
the p o t e n t i a l c apac i ty (supermag o n l y ) , . . t h e q u a n t i t y i n 
s tock , and the q u a n t i t y on o rde r . The f i g u r e s shown d i d 
no t i n c l u d e the q u a n t i t y i n the d r y i n g s toves , which 
amounts t o about one week's o u t p u t , so a l though the records 
g ive an i n d i c a t i o n o f the performance o f the work, they do 
not show the whole p i c t u r e . One sample sheet f o r supermag 
and one f o r paratemp i s shown. 
U t i l i z a t i o n ' o f e x i s t i n g Mould's by Core-chahging (Appendix 3G) 
The impor tan t concept o f core^changing has a l ready 
been mentioned, bo th a t the end o f chapter 2 and i n Appendix 
3C. The p r i n c i p l e i s t h a t , i n any mould c y l i n d e r , the co re , 
which forms the i n n e r sur face o f the moulded i n s u l a t i o n , 
should be capable o f easy removal , and replacement by a core 
o f a d i f f e r e n t d iameter . The diagram which f o l l o w s 
i l l u s t r a t e s how d i f f e r e n t th icknesses can be produced by 
t h i s method. 
(2 7) 
1 i n c h t h i c k 
i i 11 it 11 d i a . 16 1 i n c h t h i c k by 1 16 d i a . 
CORE (p ipe d i a . ) 
it 
32 
1 1 " it 11 l i i n c h t h i c k by d i a . 16 
ORE (p ipe d i a . ) 
it 
r a d i u s 32 
The diagram shows how the same mould, o f r a d i u s 1 - ^ , can 
• n n l l 
produce i n s u l a t i o n o f e i t h e r 1 i n c h t h i c k n e s s f o r l j g - diameter 
p i p e , o r l j i n c h t h i c k n e s s f o r jg- d iameter p i p e . I n the same 
way, w i t h t h e l a r g e r s i z e s , i t w i l l be apparent t h a t , f r o m the 
same mould, 1 i n c h t h i c k , l £ i n c h t h i c k , 2 i n c h t h i c k , 2\ i n c h 
t h i c k , and 3 i n c h t h i c k i n s u l a t i o n can be produced by merely 
changing the cores . 
(28) 
The char t a t Appendix 3G shows how impor tan t t h i s 
concept i s , and indeed i t has been a major f a c t o r i n the 
s tudy . U n t i l t h i s p r o j e c t was s t a r t e d , core-changing 
was used t o on ly a very l i m i t e d e x t e n t as shown i n Appendix 
3C, l a s t column but one. But a t Appendix 3G i t can be 
seen t h a t , i n many cases, f o u r and even f i v e d i f f e r e n t s izes 
o f core could be used i n any one c y l i n d e r . Thus a c y l i n d e r 
produc ing i n s u l a t i o n o f 1 i n c h th i ckness f o r a 5 inch. O.D. 
p ipe cou ld produce 1^ i n c h t h i c k i n s u l a t i o n f o r a 4 i n c h O.D. 
p i p e , or 2 i n c h t h i c k f o r a 3 i n c h O.D. p i p e , or 25 i n c h 
29" 
t h i c k f o r a 1-g^ i n c h O.D. p i p e , o r . f i n a l l y 3 i n c h t h i c k 
27" 
i n s u l a t i o n f o r a i n c h O.D. p i p e , by us ing t h i s p r i n c i p l e . 
Many o f these s izes were not be ing made by p r e c i s i o n mould ing , 
so the Company cou ld have g r e a t l y increased i t s range o f 
products by t h i s method. 
OBSERVATIONS ON EXISTING PRODUCTION 
The examinat ion o f the documents took seve ra l months', 
bear ing i n mind the need f o r cons tant c o n s u l t a t i o n w i t h the 
Company. I t became c l e a r t h a t , under the arrangements then 
i n f o r c e , i t was on ly pos s ib l e t o s a t i s f y the customer a t 
the expense o f the f o l l o w i n g : -
( i ) L i m i t i n g t o t a l p r o d u c t i o n t o accommodate 
sho r t runs f o r urgent o r d e r s . 
( i i ) Producing unwanted s e c t i o n s i z e s , o r f u r t h e r 
l i m i t i n g p r o d u c t i o n by " b l a n k i n g o f f " (see 
below) p a r t s o f mould-b locks , 
( i i i ) H o l d i n g unduly l a rge s t o c k s , p a r t i c u l a r l y ' 
o f unpopular s i z e s , which main ly cons i s t ed 
(29) 
o f t he l a r g e r v a r i e t i e s , and which t h e r e f o r e 
took up a grea t deal o f s torage space. 
( i v ) Not us ing a l l mould s t a t i o n s t o the best 
advantage. 
REASSESSMENT OF THE PROBLEM 
The problem now appeared as a combinat ion o f p r o d u c t i o n 
c o n t r o l and s tock c o n t r o l . Due t o a l l the reasons a l ready 
d iscussed , the p r o d u c t i o n p l an has t o be m o d i f i e d c o n t i n u a l l y 
t o cope w i t h rush o r d e r s , and a t the same t i m e , s tocks o f 
less popular s izes are l i a b l e t o increase * and. may l i e dormant 
f o r months and even years . 
I n the case o f p ipe i n s u l a t i o n , the p a t t e r n o f demand, 
by s i z e s , was most i r r e g u l a r (see Appendices 3D and' 3E) , 
a l though c e r t a i n l i n e s were c o n s i s t e n t l y much more popula r 
than o t h e r s . The v a r i a t i o n between' maximum, average, and 
minimum p r o d u c t i o n i n cost per iods (4 weeks) i s a l so o f 
i n t e r e s t . Popular s izes show on ly about 100% d i f f e r e n c e 
between average and maximum despatches, whereas those f o r 
which demand i s no rma l ly smal l show seve ra l hundred percent 
d i f f e r e n c e : e . g . f r o m Appendix 3E 
' 11" 
f o r supermag: Popular - 1 i n c h x 1-g^ 
R a t i o o f maximum t o average -is about 1.5 : 1 
Unpopular - 1 i n c h x .7" 
Ra t io o f maximum t o average i s about 8 : 1 
Th i s i n d i c a t e s t h a t , f o r an unpopular s i z e i a l a rge order 
would a r r i v e once i n a year , whereas d u r i n g the r e s t o f the 
year , very l i t t l e was produced. 
I n f a c t , out o f the. 2 3 s t a t i o n s used f o r bo th s lab and 
(30) 
pipe s ec t i on p r o d u c t i o n , on ly about 16 would be in . use a t 
any one t i m e . There were, va r ious reasons f o r t h i s , 
i n c l u d i n g : -
l i m i t a t i o n i n the p r o d u c t i o n o f the raw s l u r r y 
monora i l c apac i ty 
manpower a v a i l a b l e 
t ime r e q u i r e d t o change mould-blocks 
problems connected w i t h us ing two q u i t e 
d i f f e r e n t raw m a t e r i a l s 
t ime f o r core'^chahging 
t ime f o r a l t e r i n g " b l a n k i n g o f f " (see below) 
From t h i s examinat ion, , t he problem seemed t o be as. f o l l o w s : -
F i r s t , what would be the best method o f producing, the 
va r ious types and s izes o f pipe i n s u l a t i o n ? THE PRODUCTION 
PROBLEM. 
Secondly, what s tocks o f each type and s ize should be 
h e l d as a minimum, i n order t o achieve the minimum delay i n 
s a t i s f y i n g a customer 's order? THE STOCK PROBLEM. 
This paper i s concerned ma in ly w i t h the f i r s t - the 
Produc t ion Problem. 
THE' PRODUCTION' PROBLEM 
The terms o f r e f e rence o f the study excluded d e t a i l e d 
c o n s i d e r a t i o n o f any p a r t o f the f a c t o r y process be fo re or 
a f t e r the moulding s tage. (Note t h a t i t i s no t normal 
p r a c t i c e f o r OR s tud ies t o be r e s t r i c t e d i n t h i s way.) I t 
was t h e r e f o r e . a g r e e d w i t h the Company t h a t t he main o b j e c t 
o f s tudy i n the works would be the problem o f the optimum 
mould-block c o n f i g u r a t i o n . The a c t i v i t i e s o f the Sales 
(31) 
Department, o f course , have an impor tan t i n f l u e n c e on 
p r o d u c t i o n problems * i n such t h i n g s as the d e f i n i t i o n o f 
d e l i v e r y da tes , bu t i t was decided t o take these as g iven 
f a c t s o f the s i t u a t i o n . At the same t i m e , a da ta -
process ing ope ra t i on f o r the Sales Department was i n 
p rogress , some r e s u l t s o f which are used i n t h i s r e p o r t . 
From these p r e l i m i n a r y i n v e s t i g a t i o n s , t h e n , i t was 
decided t h a t one o f the bas ic p r o d u c t i o n problems was the 
l a ck o f f l e x i b i l i t y caused by the arrangement o f moulds i n f 
t he mould-b locks . I t was c l e a r t h a t , l i k e " s o many o the r 
p a r t s o f the manufac tur ing process , the mould-block 
arrangement had developed th rough f o r c e o f c i rcumstances , 
and i n i t s e x i s t i n g s t a t e was. causing these l i m i t a t i o n s 
i . e . , urgent orders i n t e r f e r i n g w i t h e f f i c i e n t p r o d u c t i o n , 
unwanted — and u s u a l l y large- - s ec t i on size's be ing produced 
because o f the p a r t i c u l a r arrangement o f moulds i n b l o c k s , 
unduly l a rge stocks .being h e l d , and mould . s t a t ions not be ing 
used t o the maximum. 
I t was f e l t t h a t an examinat ion o f the mould-block 
system f o r pipe i n s u l a t i o n would y i e l d f r u i t f u l r e s u l t s , 
and f i r s t thoughts on the p r o j e c t we're, to' cons ider the 
p o s s i b i l i t y o f changing mould b locks as r e q u i r e d , or .of 
changing cores or l i n e r s i n mould-blocks to. vary p r o d u c t i o n . 
A c o n f i g u r a t i o n o f mould-blocks was r e q u i r e d which would 
g ive at l e a s t as good service, t o the ^customer, : bu t a t the . 
same t ime would 
reduce, costs 
increase t o t a l u s e f u l p r o d u c t i o n 
C32): 
enable p r o d u c t i o n c o n t r o l t o f u n c t i o n e f f e c t i v e l y 
cut down stocks i f pos s ib l e 
increase the range o f th ickness which can be 
produced 
e l i m i n a t e , or m i n i m i s e , p r o d u c t i o n o f unwanted 
s e c t i o n s izes 
a v o i d , o r - m i n i m i s e , " b l a n k i n g o f f " (see below) 
DETAILED' CONSIDERATION OF MOULD-BLOCKS 
I t was c l e a r t h a t the f i r s t t a sk was t o examine, the 
e x i s t i n g d i s t r i b u t i o n o f moulds w i t h i n mould -b locks , and 
see i n what ways they were i n e f f i c i e n t . . To do t h i s , a 
d e t a i l e d e x p l a n a t i o n o f the e x i s t i n g mould-block d i s t r i b u -
t i o n i s needed. 
The s ize o f each mould-block i s : " l e n g t h 44 inches , 
normal w i d t h 16 inches , depth 48 inches'. The b locks 
concerned w i t h the manufacture, o f p ipe i n s u l a t i o n number 
s i x t e e n , and are l e t t e r e d as. f o l l o w s ' : -
V W . Z . Y X C ' D E 1 G F H M J K N 
- the order i n which they are l i s t e d i n the"Data sheet 
(Appendix 3C). 
C33) 
The composi t ion o f t he mould-blocks has been 
r e - t a b u l a t e d w i t h respect t o O.D. pipe s ize and th i ckness o f 
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M(l.) 
K ( l ) 
* by core change 
+ by " sc rap ing" - a machine ope ra t i on which increases the 
i n t e r n a l diameter o f the i n s u l a t i o n , decreasing i t s 
t h i ckness s l i g h t l y . 
From t h i s t a b l e , and f r o m the m o u l d - b l o c k _ d e t a i l s g iven 
i n Appendix 3C, i t can be seen t h a t mould b locks X, Y, and Z 
(34) 
• O i l 
had r e s p e c t i v e l y 14 x ( 1 i n c h x 2-g- O . D . ) , 14 x ( 1 i n c h - x 
2 9" ' ' 1 1 " l j | O . D . ) , and 16 x ( 1 i n c h x l - ^ O.D.) mould c y l i n d e r s 
i n them.. " The remain ing t h i r t e e n s e c t i o n moulds had a m i x t u r e 
o f d i f f e r e n t s izes o f mould c y l i n d e r i n them: e . g . Block V„ 
had 2 x ( 1 i n c h x O.D.) p lu s 7 x ( 1 . i n c h x l j j j r " 0 , D . ) . ; 
•1 IT T i l 
p lus 2 x ( 1 i n c h x 2 | O.D.) p lus 3 x ( I 5 i n c h x l j g - O.D.) 
mould c y l i n d e r s . ' Conversely , t o itiake i n s u l a t i o n t o f i t 
3s" O.D. p i p e , 1 i n c h t h i c k cou ld be.made f r o m Mould Block.C. 
(3 c y l i n d e r s ) and H ( 1 c y l i n d e r by core-change) : l j i n c h 
t h i c k f r o m Mould Block F ' ( 1 c y l i n d e r ) : and 2 i n c h t h i c k f r o m 
Mould Block J ; ( 1 . c y l i n d e r ) . / 3 £ 7 9 ll rx OOOOOOO 
OOOOOOO 
2. 4- 6 * ic >z l£f 
P/an (g) BLANKING OFF 
Al though i t was poss ib le ' \ 
•to va ry p r o d u c t i o n by b l a n k i n g , 
o f f c y l i n d e r s , only, c e r t a i h 
c y l i n d e r s i n a b l o c k - c o u l d be ' 
excluded i n t h i s way. The 
ones that , cou ld be b lanked o f f . 
most e a s i l y were those on the 
extreme ends o f the mou ld -b lock , 
• e . g . nos . 1 and 2 , 13 and 14 i n 
the P l a n . A group i n t h e cent re 
cou ld a l so be cu t o u t , e . g . nos . 
7 and 8, 5 and 6, 9 and .10. 
The reason f o r t h i s was mechanical : t he extreme ends cou ld 
be blanked o f f by na r rowing the f u n n e l t h rough which the 
s l u r r y en te rs the b lock - see Sec t ion A - whereas t h e c e n t r a l 
c y l i n d e r s cou ld be blanked o f f by d i v i d i n g t h e f u n n e l i n t w o > 
see Sec t ion B. 
. S'ect"icm 
^N/oh iu Stole") 
C35) 
The designers o f the mould-b locks , t h e r e f o r e , had t o 
exerc i se great care i n s e l e c t i n g the p h y s i c a l l a y o u t o f the 
c y l i n d e r s i n those b locks o the r than X, Y and Z , t o enable 
any pos s ib l e c o n t r o l over the s izes made t o be e x e r c i s e d . 
At the same t i m e , - o f course , the whole system o f b l a n k i n g 
o f f was uneconomical i n t h a t i t n e c e s s a r i l y e n t a i l e d c u t t i n g 
down the volume o f p r o d u c t i o n , as t he cyc le t ime was the 
same however many c y l i n d e r s i n a b lock were u t i l i z e d . 
C36). 
Appendix; .3A 
A CHEMICAL .COMPANY. STOCK .CONTROL 
A p p r e c i a t i o n o f the' Problem 
A p p r e c i a t i o n 
OBJECT 
This paper attempts, t o 
s t a t e some .of the problems 
which w i l l have t o be 
examined i n t h i s s tudy , and 
hence t o examine the data 
which w i l l be r e q u i r e d , and 
the method o f t a c k l i n g the 
study as a whole . 
FACTORS 
The problem t o be' examined 
The o b j e c t o f the whole 
study i s t o determine what , 
under present c o n d i t i o n s , 
the l e v e l o f ho ld ings o f . 
s tocks o f the. va r ious s izes 
o f p ipe i n s u l a t i o n ' , sec t ions 
C r i t i q u e • 
The o r i g i n a l a p p r e c i a t i o n , 
w r i t t e n i n August 1964 a t the 
beg inn ing o f the p r o j e c t , i s 
examined, paragraph by paragraph, 
conc lud ing w i t h a genera l 
a p p r a i s a l . 
This was a statement o f the 
need f o r w r i t i n g t h i s 
a p p r e c i a t i o n . 
A t t h i s e a r l y stage o f the 
p r o j e c t , i t was d e s i r a b l e t o keep 
the terms o f r e f e r ence as broad 
as p o s s i b l e . A b e t t e r o b j e c t 
might have been " t o determine 
what s t r a t e g y should be pursued 
(37) 
Appr'e c i a t i o n 
should be, and how these 
ho ld ings should be made t o 
. vary i n the f u t u r e , when 
requirements a l t e r . 
Conclusion (a) An examina-
t i o n o f the p r o d u c t i o n and 
expendi ture o f the va r ious 
sections-, over, the past few 
years , i s r e q u i r e d w i t h 
p a r t i c u l a r r e f e rence t o the 
f l u c t u a t i o n s i n the l e v e l s 
o f stocks h e l d , f r o m t ime 
t o t i m e . 
'C'ohc'lus'i'on (b) Some exami-
n a t i o n o f any l i k e l y a l t e r a -
t i o n s i n demand i n the f u t u r e 
i s r e q u i r e d . 
3. ' The, demand 
Demand f o r i n s u l a t i o n 
sec t ions comes p r i n c i p a l l y 
f r o m s i t e s , where work i s be ing 
c a r r i e d out by s i s t e r companies, 
or s u b s i d i a r i e s . Due t o s i t e 
work ing c o n d i t i o n s ^ 
(38) 
C r i t i q u e 
i n the f a c t o r y i n order t o cope 
w i t h a f l u c t u a t i n g demand f o r a 
wide v a r i e t y o f p r o d u c t s " . As 
w i l l be seen, the scope o f the 
p r o j e c t was i n f a c t widened l a t e r . 
Conclusion (a) The examinat ion 
o f the' p r o d u c t i o n .oyer the past 
few years was i n f a c t c a r r i e d o u t , 
and was the bas is f o r many o f the 
t 
recommendations. We were not 
a b l e , however, i n the course o f 
t h i s p r o j e c t , , t o examine 
'expendi ture . Th i s would have 
been the nex t j o b . 
Conclusion' '(b) Considerable 
d i scuss ion o f the. f u t u r e r e q u i r e -
ments f o r i n s u l a t i o n m a t e r i a l s was 
h e l d w i t h the management, and our 
conclus ions were taken i n t o account 
i n t he f i n a l a n a l y s i s . 
This f a c t o r was c o r r e c t l y 
s t a t e d and needs l i t t l e comment 
now. The conc lus ion i s however 
somewhat r e s t r i c t i v e , and tends t o 
assume the r e s u l t o f the 
• i n v e s t i g a t i o n . 
A p p r e c i a t i o n ' C r i t i q u e 
e s p e c i a l l y the f a c t t h a t 
i n s u l a t i o n engineers be ing 
l a s t on s i t e , are u s u a l l y 
l a t e i n s t a r t i n g work, i t i s 
not pos s ib l e t o a n t i c i p a t e 
requirements due t o the 
b u l k y na ture o f t he m a t e r i a l s 
and the l i m i t e d storage space. 
Conclusion This f a c t o r under-
l i n e s the need f o r the s tudy . 
An optimum l e v e l o f st.ock 
h o l d i n g i s r e q u i r e d i n order 
t h a t the b u l k of. the r e q u i r e -
ments f o r any p a r t i c u l a r s i t e 
may be. despatched w i t h t he 
minimum o f delay, , the balance 
be.ing found f r o m c u r r e n t 
p r o d u c t i o n . 
The: v a r i e t y p f p ipe i n s u l a t i o n ' sec t ions 
There i s a huge, v a r i e t y A g a i n , the f a c t o r i s 
o f i n s u l a t i o n s e c t i o n s . Pipe " c o r r e c t l y s t a t e d and was. v e r i f i e d 
size's themselves', vary g r e a t l y , i n the course of. the s tudy, 
and then the re are bends p f 
. va r ious shapes',, d i f f e r e n t thi'ck*-
nesses, d i f f e r e n t m a t e r i a l s , 
and many other, v a r i e t i e s . 
Conclusion (a) The i n i t i a l Conclusion Ca) This; conc lus ion -
study w i l l have t o be. c o n f i n e d r e s t r i c t i n g the i n i t i a l '.study t o 
C39) 
Appreciation. 
to a small proportion only of 
the d i f f e r e n t v a r i e t i e s , as 
there w i l l not be time t o 
examine the "through-put" of 
every single size and type. 
Con elusion (b) The method of 
selecting t h i s proportion 
should be t o sort out the 
whole production i n t o classes 
according t o t o t a l production, 
and then t o take random samples 
of each class i n proportion 
t o the t o t a l number produced 
of that class. 
Critique 
a small proportion only of the 
d i f f e r e n t lines - was questioned 
at the time by the project leader, 
on aecount of the a b i l i t y t o 
tackle such problems on a broad 
f r o n t , with the help of a com-
puter. In the event, although 
at f i r s t not much use- was made of • 
the' computer, i t was found neces-
sary to consider the whole range 
of products, as t h i s was the root 
of the problem, and e n t i r e l y 
wrong resu l t s could have been 
reached i f t h i s narrow approach 
had been':, used. This also points 
t o the advantage .of. team work i n 
solving OR problems. 
Conclusions ( b ) , ( c ) , (d) derive 
from conclusion (a) and were 
s i m i l a r l y put aside. 
GfO) 
Appre cia't i on 
Conclusion Cc) The storage 
space available would also have 
to be reduced proportionally. 
Conclusion (d) Referring t o 
factor 2 (data required), an 
ov e r a l l picture of l i m i t e d 
production and demand w i l l be 
required t o set Up the study, 
but more detailed data of the 
samples t o be examined w i l l be 
necessary. 
Conclusion (e) The wide 
variety points t o the need, 
i f possible, f o r f l e x i b l e 
production methods (i.e. . the 
a b i l i t y to switch.quickly from 
one size and type t o another). 
Site Work 
Locations of sites are 
widely d i s t r i b u t e d throughout 
the country and possibly 
overseas. Business has 
recently changed from large 
contracts, and consists mainly 
of small orders. This trend 
may continue. 
Critique 
Conclusion, (e) This was an 
important conclusion and had 
considerable e f f e c t on our 
thi n k i n g . 





Conclusion (a) The wide d i s ^ 
persion of sites must be taken 
i n t o account, and i n p a r t i -
cular the t r a n s i t time 
required f o r materials t o 
reach s i t e s . Data w i l l be 
required from the Company of 
the e f f e c t t h i s t r a n s i t time 
has on stock holdings. 
Conclus ion (b) The wider 
dispersion of .business w i l l 
make the despatch of stores 
more d i f f i c u l t , and i t w i l l 
also affee-t the type of 
i n s u l a t i o n materials being 
used. This, trend .over the 
la s t few months w i l l have t o 
be examined as a basis; f o r 
forecasting- future require-
ments by extrapolation; 
Methods' o f manufacture 
Two methods of manufac-
ture of the pipe sections and . 
slabs are at present being 
employed concurrently. 
These may be described 
b r i e f l y as the "Hand" method 
' C r l t iq'ue 
Conelusion (a) The e f f e c t of 
t r a n s i t time on stock holdings 
was l a t e r found t o be less 
s i g n i f i c a n t compared with other 
factors. 
Conclusion (b) Although t h i s 
conclusion was. v a l i d , the direc-
t i o n which our work led us made 
i t less important than was 
expected at t h i s stage. 
As stated, the "Hand" method 
of manufacture enabled a degree 
of f l e x i b i l i t y t o be retained i n 
the production plan. 
( 42 ) 
Appreciation 
and the "Machine" method. 
The in t e n t i o n of the Company 
is eventually t o discontinue 
the "Hand" method and replace 
i t by expanding the "Machine" 
method. 
Conclusion (a) At f i r s t 
sight t h i s a l t e r a t i o n , 
although economising i n 
labour, would make production 
even more i n f l e x i b l e than at 
present. ( I t i s costly and 
time-wasting t o change the ' 
output Of machines i n the 
"Machine" method. The "Hand" 
method i s more f l e x i b l e as i t . 
only takes a few minutes t o 
change output. Current pro-
duction i s therefore geared 
to make the size's i n ; greater 
demand by machine,, f i l l i n g i n 
wherever necessary by hand.) 
See also Conclusion 4(e). 
'.Cph'cTus'i'oh (b) Production 
records, i t i s hoped, w i l l 
d i s t i n g u i s h between "Hand" 
made and "Machine" made 
Critique 
Conclusions (a) and (b) The 
Company did not discontinue the 
"Hand" method during the course 
of the project. The recommended 
solution introduced f l e x i b i l i t y 
i n t o the "Machine" method, thus 
enabling the "Hand" method, t o be 
discarded l a t e r . Although 
desirable, the main production 
records did not i n f a c t 




in s u l a t i o n sections. The 
Company should be dissuaded 
from changing over completely 
t o Machines u n t i l the effect! 
on the stock problem has been 
assessed. 
Costs 
Production costs by both 
methods, Storage costs, 
Transport costs, Handling 
costs, and any other relevant 
costs w i l l have t o be examined. 
Conclusion A l l these data w i l l 
have t o be obtained and a l l o c s 
ated t o the samples under 
detailed examination. Their 
respective effects on t o t a l 
costs w i l l have t o be measured. 
For instance, the trend t o 
more, smaller contracts, and 
the Company's in t e n t i o n t o do 
away with "Hand" manufacture, 
may both point t o the heed 
f o r greater storage space. 
Information' from other sources' 
In order not t o have t o 
st a r t from "scratch", i t w i l l 
be necessary t o obtain 
Critique 
This fa c t o r was indeed 
v a l i d , and the next phase of 
the investigation would have 
been t o examine costs. 
Conclusion refers again t o 
samples - see 4(a) above. 
I t i s , of course, important 
to examine a l l l i t e r a t u r e 
relevant t o an OR investigation 
(44) 
Ap p r e c l at Ion 
information on the Stock 
Control Problem from other 
sources, especially from i n d i -
viduals and other agencies who 
have carried :out work on the 
problem. Some possible 
sources are l i s t e d below: 
a. DSIR Operations Unit, State 
House, High Holborn, 
London, W.C.I 
b. Purchasing Officers Associ-
a t i o n , York House, 
Westminster Bridge Road, 
London, S.E.I 
c. Operational Research Society 
d. Other Universities 




Vazsonyi: S c i e n t i f i c Program-
ming i n Business and 
Industry. Wiley 195 8 
Burbridge: (writes a r t i c l e s 
i n journals) 
Conclusion An immediate .'start 
should be made, on obtaining as 
much help as possible, from these 
sources. 
'Critique 
before !'plunging i n " . In t h i s 
case, several reports by the 
DSIR Operations Unit were read 
(see reference at end of report) 
and other books on the subject. 
Appreciation 
SUMMARY OF 
9. (a) Due to the wide variety 
of i n s u l a t i o n sections, i t 
w i l l he necessary t o confine 
the study to a small "random" 
sample, which w i l l be t r u l y 
representative of the t o t a l 
"population". 
(b) Storage space w i l l be 
assumed on a "pro r a t a " scale. 
(c) ' Data required 
( i ) To' set up the study, 
a broad picture of production 
of a l l , v a r i e t i e s , over 2 or 3 
years, i s required, i n order 
to sort out. v a r i e t i e s i n t o 
levels of production,.and 
hence to a r r i v e at a "random" 
representative sample.' 
For the sample' study 
( i i ) Production,, demand, 
and stock levels over at .least 
3 years - t o include, trends, 
i.e.. those .items where, .consump-
t i o n i s reducing, or increasing, 
or tending to remain' constant.. 
C i i i ) Production data 
must discriminate between' "Hand" 
Critique 
CONCLUSIONS 
This summary was, of 
course, w r i t t e n around the 
proposal to confine the study t o 
a small sample. Taking the 
study t o cover a l l the various 
"Lines", we f i n d t h a t paragraphs 
9 ( c ) ( i ) , ( i i ) were done, ( i i i ) 
the problem of f l e x i b i l i t y was 
a major consideration, ( i v ) the 
ef f e c t of demand on production 
was constantly under review, 
(v) costs were not i n fact 
examined i n the part of the 
project that i s covered by t h i s 
t h e s i s , ( v i ) although much 
reading was done, no help was 
actually "sought", as the 
problem turned out to be special. 
(46.) 
App'reciati on 
method and "Machine" methods 
of manufacture, t o assess the 
e f f e c t of stopping "Hand" 
production, and the consequent 
ef f e c t on f l e x i f c i l i t y . 
( i v ) D i s t r i b u t i o n data -
the e f f e c t on stock levels 
required due t o t r a n s i t time, 
and the changes caused by the 
change i n business. W i l l 
demand continue t o a l t e r , and 
i f so how w i l l t h i s a f f e c t 
production?. 
(v) Costs of production, 
storage, transport, handling, 
etc. w i l l be required over the 
same period, t o examine t h e i r 
e f f e c t on storage capacity. 
( v i ) . Other source's 
should be approached f o r help 
(see Factor 8). 
07) 
Appendix 3B 
VISIT. TO. A PROPANE. REFORMING. UNIT 
Date: Thursday 6 August 196 4 
Conditions oh' s i t e : Poor - d r i z z l i n g and muddy underfoot 
Object of v i s i t • The object of the v i s i t was t o see 
t y p i c a l s i t e working conditions, and 
i n p a r t i c u l a r the problems of s i t e 
control and .supervision 
Description; 
The party consisted of the l o c a l Manager of Company "X"; 
Mr. G.W. Hannan, Sunderland Technical College; and myself. 
Work on site, was proceeding on two main methods of 
i n s u l a t i o n . F i r s t we saw a large c y l i n d r i c a l tank being 
insulated by means of foamed polyur-ethane. Formwork had been 
erected round the tank, and the i n s u l a t i n g material, which 
arrives on s i t e as two d i f f e r e n t l i q u i d s contained i n drums, 
i s pumped i n t o the formwork i n the correct proportions. On 
mixing the two l i q u i d s , the. material sets i n t o a hard sponge-
l i k e substance with very good i n s u l a t i n g properties. 
The problem with t h i s material i s connected with i t s high 
cost. Only responsible individuals can be entrusted with the 
job of using the material, as any mistake i n the proportions 
of each l i q u i d used could involve the Company i n heavy losses 
f i n a n c i a l l y . This method .of i n s u l a t i o n i s comparatively new -
not more than two years old. 
The second method of i n s u l a t i o n being used on the s i t e 
was the use of the more standard materials, .such.as 85% Magnesia, 
(48) 
and Calcium S i l i c a t e ("Paratemp") f o r the in s u l a t i o n of outdoor 
pipework, ducting, o u t l e t f l u e s , valves, f r a c t i o n a t i n g towers, 
etc. Considerable problems ex i s t i n t h i s sort of work. The 
customer usually requires work to be carried out progressively, 
so that the plant can be brought on stream successively, one 
section at a time. There are problems connected with the 
erection of scaffoldingi and with the dangerous type of work, 
f i x i n g i n s u l a t i o n high up on a tower. There i s also l i k e l y t o 
be i n t e r a c t i o n between the pipework erectors and the i n s u l a t i n g 
contractors, and frequently the shape of pipework may require 
modification t o enable in s u l a t i o n t o be carried out e f f e c t i v e l y * 
Apart from these, complications, the impression of work on 
s i t e was gained of a small number of men,'working very much on 
t h e i r own i n d i f f i c u l t and sometimes dangerous positions. 
(.49) 
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CASE STUDY THE THERMICA 
1S64« 
2,5 i n c h t h i c k o 
High Low Av. 
1 0 0 0 
2 0 0 0 
. 3 0 0 0 
4 5 0 0 
5 204 0 17 
6 148 0 24 
7 0 0 0 
8 20 0 2 
9 0 0 0 
10 15 0 2 
l l . 163 0 '. 20 
12 530 0 44 
13 994 0 231 
14 3 0 0 
15 224 0 20 
16 0 0 0 
17 1697 0 663 
18 0 0 0 
19 . 1510 0 602 
20 0 0 0 
21 97 0 8 
COMPANY DESPATCHES, 
3.0 inch t h i c k . 
High Low Av. Code 
0 0 0 Li/3.6 
0 0 0 '••1 '3? 
0 0 0 .1 1/16 
0 0 0 1 11/32 
0 0 0 1 11/16 
0 0 0 1 23/32 
0 0 0 2 1/8 
0 0 0 2 3/8 
0 . 0. 0 2 5/8 
0 0 0 3 
51 0 4 3 1/2 
0 0 0 4 
5 0 0 4 1/2 
0 0 0 5 
0 0 0 5 1/2 
0 0 0 6 
173 0 22 6 r/6 
0 0 0 7 
0 0 0 7 1/2 
0 0 0 8 
148 Q 12 8 S78 
(55) 
- m 
"3 Av oho-vi 
i \/ I t 1 Z P *i G- * h F * & 7 ^ M J ? * e>J0r.ir teo-U Biwt. 
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(ivi 
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COST PERIOD,. 
WEEK COMMENCING MONDAY., iB/j/iS^ 
Appendix 3 F 








l " t h i c k j On | Order l£" t h i c k 
On 
Order 
up t o 
& 
i n c l . 
sub. 
per . 
2" t h i c k On Oreiei-
up tv. 
& 
i n c l 0 
sub. 
• p e r . 
. I 
Super-Magnes i a 
up t o 
& 
i n c l . 
sub. 
per. 
Super-Magnes i a Sup er-Magnes i a 
P t n l . 
Itfkly 
make 
A c t . 
make 
Stock P t n l , 
Wkly 
make 
A c t . \ 
make 
Stock P t n l . 
V/kly 
make 









A B C D E A B C D E A B C D E 
L6 
16 200 2320 1950 2532 150 315 324 
33 >400 1958 8000 2081 600 500 1900 225 450 
16 >400 3520 4150 5120 600 1335 7300 701 j 
/32 ?600 5070 1300 5076 600 1515 530 810 
I 
324 
/ i e »200 33¥> 1984 5833 600 380 530 273 351 
/3S 5400 1500 4994 $022 600 540 1440 150 183 544 
B 000 1430 9300 941 600 864 528 
B ; !400 3400 8696 '930 600 540 2647 600 5761 252 
8 600 183 2134 522 600 1300 
• 800 867 1620 1-189 600 380 1979 513 150 
800 944 1558 , 5196 600 540 2086 600 532 122 210 
600 319 1620 705 600 76 335 525 376 1 851 
1 200 688 A-31 600 540 81 2691 600 532 184 1 218 
600 " 1066 402 76 668 420 4 123 303 
600 233 600 200 471 600 794 56l 
600 1932 81 935 
-
186 
500 380 114 894 600 540 1998 108 600 270 1 175 
500 1342 
300 692 456 600 690 27 600 411 747 





450 h 86 600 !347 H050 582 600 !270 ! j # 2 2 8 8 _ 
208 Ida. f t . 6.5/8" x 2£" in stock : 30 f t . on demand 
NIL. 6.5/8" x 3" in stock : 30 f t . on demand C 5 7 j 
COST PERIOD... \ 
tVEEK COMMENCING MONDAY... .^.y. 
MASTER PRODUCTION STOCK & 
DEl'X'kND SHEET 
P A R A T E L J ? Appendix 3 F (contd) 
* [ l " t h i c k i On | 
Order 
up t c 
& 
i n c l o 
sub. 
per. 




i n c l , 
sub. 
p e r . 
< 
2" t h i c k On 
Order 
up t c 
& 





Paratemp Parateinp Paratamp 

















B j C "i D E A B C D E A B C D E 
16 j. ! 
i ~ i 
16 942 158 2874 
32 330 91*86 117 3000 72 60 
/16 2400 2835 700 1671 158 27 135 
L/32 
./16 
5700 585 500 42 1600 30 
2 ^ 7*7 2200 354 390 210 
5/32 3200 429 117 
^8 
/Q 
134 2300 276 270 
L359 ?70 RAP 1538. 
1800 162 
158 203 L713 7500 306 1900 
158 715 172 2838 1300 258 
72 1956 1200 426 227 507 
1W 6232 490 2140 2540 162 
1362 1070 285 155 598 
648 375 600 120 1600 636 
330 470 288 213 
7 2 15% ifioo 2 2 2 333 30 i *• 
72 10? 120 
1420 102 1300 243 42 177 
453 417 201 
! 1183 315 1 1 
1 
jl600 2613 1148 249 
645 l i n f t of" x 2£* in stock 198* in demand 
45 l i n f t 6§n x 3" in stock NIL in demand 
._ (58) 
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CHAPTER 4 : MOULD BLOCK CONFIGURATION 
(a) POTENTIAL OUTPUT 
Having decided to look at the c o n f i g u r a t i o n of each 
mould-block, i t appeared t h a t the f i r s t step should be to 
examine c a r e f u l l y the design of the e x i s t i n g mould-blocks 
i n r e l a t i o n to c u r r e n t demand f o r i n s u l a t i n g m a t e r i a l s , and 
t o see i n what ways the design could be improved.' T h i s 
examination was a l s o c a r r i e d out i n order to design a method, 
acceptable t o the Company, f o r s i m u l a t i n g production i n the 
works. 
Turning back to the mould data sheet (Relevant E x t r a c t -
Appendix 3C) the Output/Week/Size column ( L i n e a r F e e t ) was 
converted i n t o a " P o t e n t i a l Output p e r - S h i f t " , f o r supermag 
and paratemp, by t a k i n g 75% ( g i v i n g ah ample allowance f o r 
co n t i n g e n c i e s ) of the f i g u r e s i n the Relevant E x t r a c t , and 
d i v i d i n g them by 15, i . e . 5-day week x 3-sh.ift. ' Thus, f o r 
11" 
Mould-block V, 1 inch, x ^g" J 
• Supermag P o t e n t i a l Output = _75 y i = 8 1 
per s h i f t .100 15 
Paratemp " " " . = ^ x 12.60 x = 63 
I n other words, P o t e n t i a l Output per S h i f t i s equal to 
a. f r a c t i o n .of ^ of the L i n e a r Feet f i g u r e i n the. mould data 




(b) EXISTING CONFIGURATION 
I n t h i s way, a t a b l e (Appendix 4A) showing Demand/Output 
f o r each s i z e i n each mould-block was b u i l t : up f o r the present 
c o n f i g u r a t i o n . For supermag, "Demand" was taken as the 
Average Despatch over the f i v e years 1960-1964 i n c l u s i v e , and 
i n order t o show the s i t u a t i o n more c l e a r l y , a p e r i o d of 
TWELVE WEEKS ( i . e . t h r ee times the normal accounting period) 
was chosen. Thus the figures, f o r .supermag were obtained from 
the Summary Record of Despatches of supermag - s i m i l a r t o the 
Table a t Appendix 3D - by m u l t i p l y i n g the f i g u r e s i n the f i n a l 
column (Average 1960-1964) on each page by. t h r e e . For 
paratemp, a s i m i l a r c a l c u l a t i o n was made to f i n d the average 
f i g u r e s f o r 196 3-1964. 
Going through the c a l c u l a t i o n s i n Appendix 4A f o r Mould-
block V, i n l i n e 1 the Average Demand was 4,12 8 l i n e a r f e e t of 
.supermag ( c o l . 7) and the p o t e n t i a l output per s h i f t was 81 
l i n e a r f e e t ( c o l . 5 ) . Hence f o r .supermag, Demand/Output = 
412 8/81 = 51 - t o the n e a r e s t whole number l a r g e r than the 
exact f i g u r e - which i s shown i n column 9. Similarly.,, f o r 
paratemp, 306 ( c o l . 8) d i v i d e d by 63 ( c o l . 6) give s 5 ( c o l . .10). 
Column 1 1 ' i s the t o t a l number of s h i f t s r e q u i r e d t o produce 
4128. f e e t of .supermag pl u s .306 f e e t of paratemp, and i s . found 
by adding the contents of columns 9 and 10 (51 + .5. = 5 6 ) . I n 
the same way, 80 s h i f t s are r e q u i r e d t o produce the. t o t a l 
demand of 1 i n c h x ljg-.. i n s u l a t i o n , 75 s h i f t s f o r 1 i n c h by 2-g-.. 
• • T i l 
i n s u l a t i o n , and 40 s h i f t s , f o r \\ in c h x ljg-. i n s u l a t i o n . The 
l a s t f i g u r e i s shown' i n b r a c k e t s , as i t could a l s o be produced 
i n Mould-block G l i n e 1 - but with only one mould as. compared 
(61) 
with three i n Block V, i t would take about three times as 
many s h i f t s (119 i n s t e a d of' 40). 
Examining these four t o t a l s , and ignoring f o r the moment 
the problem of the two d i f f e r e n t m a t e r i a l s i n v o l v e d , where 
production obviously cannot be mixed, we f i n d t h a t , u n l e s s 
some of the moulds are blanked o f f , there w i l l be overproduc-
t i o n of some s i z e s i n order t o produce the r e q u i r e d amount 
• n i i i 
of 1 i n c h x 1-T-e- i n s u l a t i o n . The 80 s h i f t s needed f o r t h i s lb 
r e p r e s e n t 5.3 weeks production . ( c o l . .12)- and t h i s would 
i n v o l v e overproduction ( c o l . 13) of the other s i z e s i n Block 
V of 24, 5, and .80 s h i f t s . 
The same method was: used i n the case of each mould-block, 
and only i n cases where t h e r e we're ho mixtures .of s i z e s i n 
a mould-block (Blocks Z, Y, X) was there ho overproduction. 
As w e l l as t a k i n g no account a t present of the need to separate 
the production of :supermag and paratemp, t h i s t a b u l a t i o n a l s o 
takes no accurate account, of the. time r e q u i r e d for. core 
changing, blanking .off, c l e a n i n g the moulds, and other i n t e r -
r u p t i o n s to normal production. A proportion .of these i s 
covered by the "contingencies",, f o r which a f i g u r e of 75% of 
the t h e o r e t i c a l f i g u r e ..of output was taken - see above. 
Even using these' average, f i g u r e s (.such figures' must be 
used with d i s c r e t i o n when c o n s i d e r i n g output rates' i n a 
f a c t o r y ) , i t appears, t h a t , on three of the mould-blocks -
C , F , H - the production would be i n s u f f i c i e n t t o meet demand 
i n the twelve week period. . Only 180 s h i f t s per block would 
be a v a i l a b l e , and,, f o r Block C, 1 i n c h x 4 J " , 189 s h i f t s 
V 3 IT 
would be needed. For Block F, i n l j i n c h t h i c k n e s s , 2-%... O.D. 
(62) 
would need 250 s h i f t s , 3J" O.D. would need 303 4 J " O.D. 
5" 
would need 319, and 6-g- O.D. would need 212 s h i f t s . I i i 
5" 
the case of Block H, the 1J i n c h x 8-g- would need 222 s h i f t s . 
As w e l l as t h i s f a i l u r e t o meet average requirements i n 
these few c a s e s , a c o n s i d e r a b l e amount of overproduction 
(see c o l . 13) would take p l a c e , u n l e s s c a r e f u l measures f o r 
blanking o f f were taken, with a consequent drop i n t o t a l 
production. 
The Table at Appendix 4B shows how the mould-blocks 
would be a l l o t t e d t o ten of the twenty-three s t a t i o n s . 
T h i s Table a l s o shows t h a t , a t s t a t i o n s 7 , 8 , 9 and 10, 
mould-blocks would have t o be. changed once each at s t a t i o n s 
7 and' 8, and twice at. stations. 9 and 10. As was d e s c r i b e d 
i n s e c t i o n 2 under "Equipment F a c t o r s " , the mould-blocks are 
very complicated p i e c e s of equipment, r e q u i r i n g s k i l l e d 
plumbers to i n s t a l l them i n t o p o s i t i o n . I t would be 
d i f f i c u l t , therefore,, to carry, out so many, changes, and 
although,, f o r the. purposes' .of t h i s comparison, i t was assumed 
th a t each change would take two s h i f t s , t o complete, i n f a c t 
i t would take longer. 
C l e a r l y the s i t u a t i o n chosen was a r t i f i c i a l . For one 
t h i n g , only ten of the twenty-three' s t a t i o n s were deemed to 
be a v a i l a b l e , f o r the S e c t i o n mould-blocks. Of the remaining 
t h i r t e e n , e i g h t s t a t i o n s were always a l l o t t e d t o the produc-
t i o n of s l a b i n s u l a t i o n and the balance of f i v e were assumed 
to be undergoing maintenance, r e p a i r , or. core-change - a 
normal s i t u a t i o n i n t h i s works. 
In other words, t h i s would be an adverse s i t u a t i o n , f o r 
(6 3.) 
Production C o n t r o l , but on the other hand they would be 
d e a l i n g with only the average requirement, so on h a l f the 
occasions they would have t o produce more than these amounts. 
At the same time* i n p r a c t i c e there would not be the r e q u i r e -
ment to change mould-blocks so f r e q u e n t l y , as the f i v e 
"spare" s t a t i o n s could be s u c c e s s i v e l y brought i n t o use, 
and a s m a l l stock of l e s s popular s i z e s could be maintained, 
t o cater, f o r the sporadic nature .of the demand f o r them. 
CONFIGURATION A 
Having examined the r e s u l t s obtained from s i m u l a t i n g 
production with the e x i s t i n g c o n f i g u r a t i o n , i t was decided 
t o devise a d r a s t i c a l l y changed c o n f i g u r a t i o n of moulds i n 
mould-blocks, which was named "Configuration A". The b a s i c 
plan behind t h i s c o n f i g u r a t i o n was to go to the other 
extreme - each mould-block would produce only one s i z e of 
s e c t i o n per t h i c k n e s s - but use would be made of core-changing 
as much as p o s s i b l e ; secondly, i t was decided to i n c r e a s e 
the v a r i e t y of s i z e s which could be made - as w e l l as a l l 
s i z e s of s e c t i o n i n s u l a t i o n up to 8-g- diameter, of t h i c k n e s s e s 
1 i n c h , l j , and 2 inches,- the need e x i s t e d f o r making 
i n s u l a t i o n of 25 i n c h e s , and 3 inches t h i c k , up to 7J " and 
5" 
6-g diameter r e s p e c t i v e l y , at l e a s t . 
C o n f i g u r a t i o n A i s shown' a t Appendix 4C. Due to the 
b a s i c design of the system, i n s t e a d of the present 16 mould-
b l o c k s , a t o t a l of 2 3 blocks would be r e q u i r e d . The 
f a c i l i t y of core-changing would enable the widest p o s s i b l e 
range of s i z e s to be made, but a t the same time,, only 
compatible s i z e s - i . e . those which could be obtained by 
(64) 
core-change - of mould were included i n any one mould-block. 
The e f f e c t of t h i s would be t o e l i m i n a t e the need f o r 
blanking o f f . The time allowed f o r changing cores was four 
hours, which seemed a r e a l i s t i c f i g u r e . 
Of the 2 3 mould-blocks planned, only three would be 
i d e n t i c a l w ith the e x i s t i n g c o n f i g u r a t i o n : these were 
Blocks X, Y, and Z. T h i s was because a separate mould-block 
was planned f o r each diameter .of pipe a t 1 i n c h t h i c k , 
1" 5" 
except, f o r 2-g- arid 2-g- diameter, which would be obtained by 
T I t • in 
s c r a p i n g . At l j i n c h thick,, four s i z e s - lj g - , l j g - , 2-g- , 
5" 
2-g- - would have t o be made by s c r a p i n g , and the s e , same 
s i z e s would a l s o have to be made by s c r a p i n g a t 2, 2J, and 
3 inches t h i c k . 
The number of moulds i n each block was c a l c u l a t e d from 
the present c o n f i g u r a t i o n , a l l o w i n g a corresponding number 
of moulds t o a block i n proportion t o the s i z e s t o be made. 
So, as the diameter of each mould i n c r e a s e d , the number which 
could be f i t t e d i n t o a block became l e s s . The output r a t e s 
f o r each mould-block were based on "pro r a t a " f i g u r e s t o the 
f i r s t s i m u l a t i o n . The c o n f i g u r a t i o n would enable complete 
f l e x i b i l i t y of production t o be achieved, f o r there was no 
mixing of s i z e s , and so no need f o r overproduction of unwanted 
s i z e s , or f o r blanking o f f . 
R e f e r r i n g to Appendix 4C,. the mould-blocks have been 
given Roman Numbers I to. X X I I , except f o r Blocks X, Y, Z, 
which have r e t a i n e d t h e i r o r i g i n a l d e s i g n a t i o n s . S t a r t i n g 
w i t h 1 i n c h t h i c k moulds, the smallest, diameter (^ -g- ) was 
numbered XIX, the next XX, and ly j r " XXI. Then comes 
(65) 
11" O r i g i n a l Block Z ( l ^ y ) • None of these blocks had any 
p o s s i b i l i t y of core-change t o give d i f f e r e n t t h i c k n e s s e s of 
i n s u l a t i o n . 
11" 
The next i n s i z e (1 in c h x l^-g ) was numbered X X I I , and 
was the f i r s t one i n which i t was p o s s i b l e t o change the core. 
A f t e r t h i s comes. O r i g i n a l Block Y: as w e l l as i t s o r i g i n a l 
29" 
cores of l - ^ diameter, a new s e t of cores was assumed, 
2 7" 
enabling 1J i n c h t h i c k x. i n s u l a t i o n to be made. I n both 
cas e s the i n s u l a t i o n could be scraped t o f i t the s l i g h t l y 
1" l " 
l a r g e r diameter pipes of 2^ and l j g - . O.D. r e s p e c t i v e l y . 
From then on, the mould-blocks were numbered X ( l e t t e r ) 
(an o r i g i n a l one), and then c o n s e c u t i v e l y I t o XVI i n c l u s i v e . 
I n c r e a s i n g use of core-changing could be made, Blocks X and.: I 
having three d i f f e r e n t s i z e s of. core, Blocks I I and I I I four, 
and Blocks TV. to X I I i n c l u s i v e having f i v e , . making a l l t h i c k -
nesses of i n s u l a t i o n from 1 in c h to 3 inches i n steps of h a l f 
an i n c h . Blocks X I I I and XIV dropped t o four s i z e s of core, 
and the l a s t two, Blocks XV and XVI, to three - 2, 2^j and 3 
in c h . The. d i f f e r e n t a l t e r n a t i v e t h i c k n e s s e s and s i z e s are 
shown i n columns 2-6 i n Appendix 4C, and the number of moulds 
which could be arranged i n each block appears i n column 7. 
The remainder of Appendix 4C was- c a l c u l a t e d i n the same 
way as Appendix 4A. Columns 8 and 9 give the output r a t e s 
f o r supermag and paratemp r e s p e c t i v e l y , c a l c u l a t e d as 
des c r i b e d at. the beginning of t h i s chapter. ' Columns 10 and 
11 show the Average Demand f o r the twelve-week p e r i o d , which 
was obtained from Appendix 4A by adding together the Average 
Demand f o r the r e s p e c t i v e s i z e s shown i n d e t a i l t h e r e . For 
(66) 
example, the Demand shown a g a i n s t Mould Block I I (Appendix 4C) 
f o r supermag - 24,117 f e e t , i n c l u d i n g 1215 f e e t to be scraped, 
was the sum of the f o l l o w i n g demands i n Appendix 4A:-
Block C, 1 i n c h x 3J" 16,2 84 
Block F, 1J i n c h x 2|" 6,294 
Block H, 1J i n c h x 2-|" 969 
. Block N, 2 i n c h x l i i " ? 
i l } 570 
2 i n c h x 1±± > 
11" 
plus 2\ i n c h x jg-
24,117 
The 1215 f e e t t o be scraped was made up of the 969 f e e t 
5" 
of \\ i n c h x 2-g , together with a f u r t h e r 246 f e e t ex Block N, 
• •]_-[_" 2 i n c h x lyg- . 
Columns 12, 13 and 14 were obtained, as before, by d i v i d i n g 
the Average Demand by the P o t e n t i a l Output per s h i f t , f i r s t f o r 
supermag and .then f o r paratemp; arid f i n a l l y e n t e r i n g t h e i r sum 
i n column 14, which i s the t o t a l number of s h i f t s which would be 
re q u i r e d t o produce the i n s u l a t i o n of those s i z e s , again 
ignoring the. complication .of two d i f f e r e n t raw m a t e r i a l s . 
F i n a l l y , column 15 shows the number of weeks - at 15 
s h i f t s per week" - r e q u i r e d t o produce the average demand. The 
g r e a t e s t amount needed was on Mould-block X (Roman Ten), which 
is- 7.2 weeks: t h i s was j u s t over h a l f the allowed p e r i o d of 
12 week's. 
As i n the case of the E x i s t i n g C o n f i g u r a t i o n , a t a b l e at 
Appendix 4D shows how the mould-blocks of Configuration A 
could be a l l o t t e d to ten s t a t i o n s . I n t h i s c a s e , due to the 
(67) 
e x t r a number of mould-blocks - 2 3 i n s t e a d of 16 as a t present -
t h i r t e e n mould-block changes would be n e c e s s a r y , but i n every 
case production of twelve weeks demand would be completed i n 
l e s s t h a n ten. weeks. 
The p o l i c y on core-changes, f o r t h i s c o n f i g u r a t i o n i s l e s s 
c l e a r . I t could be t h a t a l l moulds i n a mould-block would be 
used to produce the r e q u i r e d q u a n t i t y of one t h i c k n e s s , then a l l 
the cores would be changed,, and the r e q u i r e d q u a n t i t y of the 
next t h i c k n e s s produced, and so on. A l t e r n a t i v e l y , i t i s 
p o s s i b l e t h a t two t h i c k n e s s e s could be produced at the same 
time, some moulds producing 1 i n c h t h i c k i n s u l a t i o n , say, and 
some l j i n c h t h i c k . I t must be borne i n mind, of course, t h a t 
i n p r a c t i c e i t i s l i k e l y , t h a t Production C o n t r o l would not know 
the exact amount of each s i z e and t h i c k n e s s t o be made i n the 
forthcoming 12-week period; .It i s l i k e l y , t h e r e f o r e , t h a t a 
c o n s i d e r a b l e amount, of core-changing would be c a r r i e d out, 
g i v i n g much greater, f l e x i b i l i t y , t o Production, 
(d) RESULTS OF THE,FIRST TRIAL 
Examining the r e s u l t s of: using Configuration A» i t can be 
seen t h a t : -
1. Production .of 12 weeks demand would be completed i n every 
case w i t h i n .10 weeks. With the e x i s t i n g c o n f i g u r a t i o n 
(see Appendix 4B), a t three ^stations ( 1 , 2, 3) even the 
12^-week average demand could not be produced i n the 12 
weeks, and a t three o t h e r s t a t i o n s ( 7, 8, 9 ) ^ production 
of the average demand would be' only just, complete w i t h i n 
the period. T h i s means, t h a t i n h a l f the. cases the 
s i t u a t i o n at one o r more of these .stations would be worse 
. than t h i s . 
(6 8) 
2. There should be l i t t l e , i f any, overproduction of 
unwanted s i z e s ( o r a l t e r n a t i v e l y blanking o f f ) . 
T h i s compares with the co n s i d e r a b l e overproduction, 
or blanking o f f , r e q u i r e d i n the e x i s t i n g s i t u a t i o n . 
3. On the other hand, due t o the small demand f o r 
c e r t a i n s i z e s (e.g. Mould-blocks I I I , V, V I I , IX, 
X I , X I I I , XV), there would be co n s i d e r a b l e under-use 
of mould-blocks i n t h i s c o n f i g u r a t i o n . 
4. 58 core-changes and 13 mould-block changes as a 
minimum would be r e q u i r e d during the production 
p e r i o d . With the e x i s t i n g c o n f i g u r a t i o n , only 9 
core-changes and 6 mould-block changes would be 
needed. C l e a r l y , i f more use were t o be made of 
core-changing, or mould-block changing, any re d u c t i o n 
i n the time r e q u i r e d to c a r r y out these changes would 
be worth a c h i e v i n g . 
5. A l a r g e c a p i t a l investment would be needed t o convert 
. the e x i s t i n g 16 mould^blocks i n t o the new 2 3 mould-
b l o c k s , i n which only-' 3 would be unchanged - i . e . a 
. conversion of 13 e x i s t i n g blocks t o a new layo u t , and 
the c o n s t r u c t i o n of an e x t r a 7 new bl o c k s . 
' COMMENTS' BY THE' COMPANY 
As was mentioned at the. beginning of t h i s chapter, the 
main o b j e c t of comparing the e x i s t i n g c o n f i g u r a t i o n with 
C o n f i g u r a t i o n A was to t e s t out a method of hand.simulation 
to the s a t i s f a c t i o n of. the Company. Comments from the 
Company inc l u d e d : -
(.69) 
1. C'ompat a b i l i t y : I n c a r r y i n g out t h i s type of s i m u l a t i o n , 
i t i s necessary t o take account of the f a c t t h a t i t i s 
not p o s s i b l e to produce from the same mould-block, a t 
one time, pipe i n s u l a t i o n v a r y i n g i n t h i c k n e s s by more 
than h a l f an i n c h . 
2. Mould-block changing: T h i s i s an extremely complicated 
operation and would take longer, than had been allowed f o r 
i n the s i m u l a t i o n . I t does not seem at present t h a t 
t h i s would be a f e a s i b l e operation on which to plan 
production. 
3. ' Storage of spare mould-blocks: Following the l a s t 
comment, mould-blocks are. very d i f f i c u l t t o s t o r e s a f e l y 
when not i n use. They take up a l o t of space,'and great 
care i s needed to avoid damage. T h i s i s a f u r t h e r 
argument a g a i n s t frequent mould-block changing. 
4. ' C a p i t a l c o s t : The c o s t of making twenty new mould-blocks 
would be p r o h i b i t i v e . 
The c o nclusion from these r e s u l t s , and the feed-back of 
comments from the Company, was t h a t a c o n f i g u r a t i o n was needed 
which would avoid the disadvantages enumerated a t paragraph 
4(d), which would meet the comments of the Company, and yet 
would possess to a l a r g e extent the advantages of Configuration 
A, g i v i n g f l e x i b i l i t y and i n c r e a s e d productive c a p a c i t y to 
Production C o n t r o l . , 
(70) 
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CHAPTER .5 .: HAND. SIMULATION 
RE-EXAMINATION OF CONFIGURATION A 
As a f i r s t s tep, C o n f i g u r a t i o n A was examined f u r t h e r , 
with the i n c l u s i o n of e x t r a mould-blocks to avoid' the need 
f o r s c r a p i n g . The new blocks were l a b e l l e d YA, YB, XA, XB, 
IA, I B , e t c . , through t o IVA, IVB. T h i s c o n f i g u r a t i o n i s 
shown at Appendix 5A. 
I n t h i s t a b u l a t i o n , the 29 b l o c k s . a r e l i s t e d at column 1, 
with the main s i z e ( s m a l l e s t t h i c k n e s s ) each block would make 
i n column 2. S i z e s which could be made by core-change are 
apparent by r e f e r e n c e back to Appendix HC. Columns 3 and 4 
show the p o t e n t i a l output per s h i f t f o r one mould only, of 
supermag and paratemp. Columns. 5 and 6 show the average 
4-weekly demand i n f e e t for. the. two m a t e r i a l s . Columns 7 and 
8 give the Demand/Output c a l c u l a t i o n s (column 7. = Column 5/ 
Column 3: Column 8 = Column 6/Column 4-), and Column 9 sums the 
contents of Columns 7 and 8, g i v i n g the t o t a l number of s h i f t s 
r e q u i r e d f o r one mould c y l i n d e r t o produce the average demand 
f o r both m a t e r i a l s . F i n a l l y , the t o t a l s i n Column 9 are 
di v i d e d by 60 (number of s h i f t s i n a 4-week period), to give the 
t h e o r e t i c a l f i g u r e .of the number of mould c y l i n d e r s r e q u i r e d 
(75) 
to produce the average demand i n the' 4-week pe r i o d concerned. 
From t h i s could be seen the r e l a t i v e p o p u l a r i t y of the 
p a r t i c u l a r s i z e - or r a t h e r range of s i z e s - and the f i g u r e s 
could t h e r e f o r e be used as a guide i n planning the r e l a t i v e 
number of mould c y l i n d e r s t o be incorporated i n any future 
c o n f i g u r a t i o n . 
I t should be noted t h a t , by. using, aver age f i g u r e s t o 
compare the p o p u l a r i t y of each range of s i z e s , we. did not 
make the mistake of planning t o produce, these absolute 
q u a n t i t i e s . At t h i s stage we were only concerned with 
planning the p r o p o r t i o n a l numbers of. c y l i n d e r s i n a new 
c o n f i g u r a t i o n . 
PLANNING A .NEW CONFIGURATION -. 
The t h e o r e t i c a l number of mould c y l i n d e r s c a l c u l a t e d a t 
Column 10 of Appendix 5A we're then sorted i n t o an ascending 
sequence, which i s shown i n Column (g) of Appendix 5B. 
The corresponding Mould Block No. of Co n f i g u r a t i o n A appears 
i n Column ( a ) ' of the t a b l e , and Columns (b) t o ( f ) i n c l u s i v e 
show the r e s p e c t i v e s i z e s and-thicknesses of the i n s u l a t i o n 
s e c t i o n s which could be produced by core-change. I n Column 
(h) i s shown the n e a r e s t whole number g r e a t e r than Column (g) 
plus 20%. 
At the r i g h t hand s i d e of the t a b l e , the e x i s t i n g 
c o n f i g u r a t i o n i s s e t out i n a way t o correspond with the 
layout of Con f i g u r a t i o n A, thus showing where each c y l i n d e r 
s i z e could be found at present. So Column (k) l i s t s the 
e x i s t i n g Mould Block Number, and Columns (1) t o (p) i n c l u s i v e 
show the r e s p e c t i v e s i z e s and t h i c k n e s s e s of i n s u l a t i o n ' 
(76) 
s e c t i o n s which could i n the e x i s t i n g scheme be produced by 
core-change and scra p i n g . F i n a l l y , Column (q) l i s t s the 
number of c y l i n d e r s a v a i l a b l e f o r production under the 
e x i s t i n g c o n f i g u r a t i o n . 
By s e t t i n g out the information i n the form of Appendix 5B, 
an impression could be obtained from Columns (h) and (q) as 
to where there was over- or. under-capacity i n the works. 
I n p a r t i c u l a r , the e x i s t e n c e of under-capacity (e.g. r e f e r r i n g 
to Column ( a ) , Block XVI,'VI, 1VA, I I A ) i s important t o note. 
Columns ( i ) and ( j ) of Appendix 5B have not so f a r been 
d i s c u s s e d , but w i l l be r e f e r r e d t o l a t e r . 
MOULD-BLOCK MODEL 
At t h i s stage i n the planning of a new c o n f i g u r a t i o n i t 
was necessary' t o consid e r the geometric c o n s t r a i n t s which 
would determine the number and spacing of c y l i n d e r s i n mould-
blo c k s . For t h i s purpose, a ha.lf-.scale model was prepared 
on a drawing board of. the c r o s s s e c t i o n of a mould-block 
(44" x 16"). C i r c l e s , of the. appropriate diameter were cut 
out of card t o re p r e s e n t the e x t e r n a l diameters of the v a r i o u s 
s i z e s of pipe i n s u l a t i o n * The r a d i u s of each c i r c u l a r d i s c 
was i n c r e a s e d by § inch,, to allow a c l e a r a n c e of l j i nches 
between each c y l i n d e r i n a mould. For the' same reason, an 
inner r e c t a n g l e , g i n c h s m a l l e r a l l round, was. drawn i n s i d e 
the. c r o s s s e c t i o n of the mould-block. 
Bearing i n mind the need t o minimize, the number of new 
mould-blocks t o be made because of t h e i r high c a p i t a l c o s t , 
a s e r i e s .of experiments was. c a r r i e d out on the model, on the 
b a s i s of the minimum number .of c y l i n d e r s r e q u i r e d (Appendix 
5B, Column ( h ) ) . 
(77) 
I t appeared p o s s i b l e from Column (h) of Appendix 5B t o 
r e t a i n the e x i s t i n g mould-blocks V, -W, X, Y, Z, but providing 
e x t r a cores f o r blocks V, X, and Y to enable the range of 
• l i " 
s i z e s to be made ( i . e . Block V - 1 i n c h x 1-=-=- and I 5 i n c h x 
l b 
, p l u s 1 i n c h x 2-g- and 1^ in c h x ly^- , as w e l l as 1 i n c h 
x : Block X - 1 i n c h x 2-|" and l j i n c h x 1^" : Block Y -
" 29" • ••27" 1 i n c h x 1-^2 and l j i n ch x ) . 
. The remaining range of s i z e s were then so r t e d as f a r as 
p o s s i b l e i n t o compatible p a i r s , and arranged together i n the 
model so t h a t the number of mould c y l i n d e r s corresponded 
approximately to Column (h) of Appendix 5B, t a k i n g i n t o account 
the c o n s t r a i n t s of the geometrical dimensions of the mould-
block. A l s o , as f a r as p o s s i b l e , each new mould-block was 
designed to contain mould c y l i n d e r s of roughly s i m i l a r pipe 
s i z e . 
By t h i s means, i t was possible, to. f i t a new c o n f i g u r a t i o n 
i n t o I t mould-blocks although one block ( l a b e l l e d QA,QB) would 
have to be 18 inches i n width i n s t e a d of the normal 16 i n c h e s . 
The Company al r e a d y had one mould-block of t h i s s i z e , which 
would t h e r e f o r e be an acceptable arrangement. 
• CONFIGURATION B 
On the b a s i s of t h i s work, Configuration B was devised. 
This arrangement, c o n s i s t e d .of s p l i t t i n g the e x i s t i n g mould-
blocks C, D, E i n t o p a i r s of compatible s i z e s , the new blocks 
being l a b e l l e d P and Q, R and S, T and U r e s p e c t i v e l y . I n 
a d d i t i o n , new mould-blocks l a b e l l e d H and M we're planned, the 
remainder being grouped i n t o a new block L. T h i s c o n f i g u r a -
t i o n i s shown i n the two centre, .columns ( i ) and ( j ) .of-
(78) 
Appendix .5B - Column (i)..-showing- .the' number .of. c y l i n d e r s % and 
Column ( j ) . the Block-Label -. the' coding used being two l e t t e r . 
C o n f i g u r a t i o n B i s shown i n more, d e t a i l i n the. f i r s t seven 
columns of Appendix 5C headed "Hand Simulation". 
I t .would be p o s s i b l e with C o n f i g u r a t i o n - B t o manufacture 
i n s u l a t i o n sections, of a l l t h i c k n e s s e s from \ i n c h to' 3 i n c h e s , 
f o r a l l pipe s i z e s .currently i n use, with the exception of. the 
fo l l o w i n g ( l i s t e d by..combinations which could be made by core-
change) :-
•Thickne ss. • • • . '.2.J. '.inches'. . • .3. .inches 
1 1 
2 8 l i e 
? 5 111 O.D. 2 8 1 1 6 




8 8 ' 2 
8 
8 8 
1" ' 5 " 
The s m a l l e r size's (lyg- . up to. 2-g- ). could be made by 
•2yn • ]_]_" 29" 3" s c r a p i n g the s i z e s . , , 1^- , and 2-g- , a t the appropriate 
t h i c k n e s s (25 i n c h or 3 i n c h ) , which could be produced i n 
Configuration B. At the time of the p r o j e c t there was. very 
l i t t l e demand f o r any of these s i z e s , p o s s i b l y because, they 
could not be p r e c i s i o n moulded, but would have to be made by 
(hand.) p r e s s u r e moulding. Even i n 1965 and 1966, the only 
( 7 9 ) 
recorded .production of these size's was as. f o l l o w s ( q u a n t i t i e s 
i n f e e t ) : -





48 (Par.atenip) .1966 it N i l 16 





N i l 
N i l 
8" N i l 7" 36 (Supermag) 1966 
5" (201 (Supermag) 1965 
8 (309 (Paratemp) 1966 6 (Paratemp) 1966 
8" N i l 
5" 
. 4 
21 (Paratemp) 1965 
I f any ap p r e c i a b l e demand, f o r these t h i c k n e s s e s and s i z e s 
of i n s u l a t i o n s e c t i o n s came about, i t might be ne c e s s a r y t o 
co n s t r u c t a d d i t i o n a l blocks t o make. them. The. use of l i n e r s 
as w e l l as d i f f e r e n t s i z e d .cores could be i n v e s t i g a t e d t o cut 
down the number of new mould-blocks n e c e s s a r y . 
DEMAND 
Up to t h i s p o i n t , a l l c a l c u l a t i o n s were based on q u a n t i t i e s 
.of i n s u l a t i o n s e c t i o n s a c t u a l l y : despatched from the. f a c t o r y i n 
the p a r t i c u l a r time: under .consideration - u s u a l l y m u l t i p l e s of 
the> M-^weekly Cost Periods used f o r accounting purposes. At 
t h i s stage i t was considered d e s i r a b l e to use Sales' Demand 
q u a n t i t i e s for. the proposed s i m u l a t i o n of production. As was 
s t a t e d in. chapter' 3 above, a data p r o c e s s i n g operation, known 
as "Company X Works. Orders P r o c e s s i n g I " was being c a r r i e d out 
(80) 
f o r the S a l e s Department c o n c u r r e n t l y . I t was decided t o 
use the Order q u a n t i t i e s f o r Cost Periods 3 to 6 i n c l u s i v e 
f o r 1965 f o r the s i m u l a t i o n . 
The f i r s t operation, then, was to e x t r a c t the r e q u i r e d 
f i g u r e s from the r e l e v a n t Cost Periods of the D.P. operation. 
These were l i s t e d under separate heads as fol l o w s ( a l l O.D. 
pipe s i z e s ) : -
• 5 ii 5 ii • g ii American standard s i z e s (6-g- , 7-^  , 8-g ) 
27" 5" B r i t i s h standard s i z e s .(-^j- •: up. t o 8-g- i n c l u s i v e ) 
Copper pipe size's ( J " up t o 4" i n c l u s i v e ) 
5" 
Non-standard' s i z e s (0 t o 8-g- i n c l u s i v e ) 
I n i t s e l f , t h i s c a l c u l a t i o n of t o t a l demand, by s i z e s , 
was l a b o r i o u s , e n t a i l i n g the grouping of up to three d i f f e r e n t 
f i g u r e s f o r every t h i c k n e s s from 1 i n c h t o 2 i n c h , and f o r a 
few s i z e s at 2J i n c h and: 3 i n c h t h i c k n e s s . The c a l c u l a t i o n 
had to be done s e p a r a t e l y , of course, f o r the two m a t e r i a l s -
supermag and paratemp. 
' HAND' SIMULATION WITH CONFIGURATION 3 
Having obtained the c o r r e c t demand f i g u r e s f o r the four 
1965 cost p e r i o d s , the next.requirement was to c a r r y out the 
hand s i m u l a t i o n of production,, using C o n f i g u r a t i o n B. For 
t h i s purpose, the t a b u l a t i o n a t Appendix 5C was prepared. 
I n the l e f t hand p a r t of the t a b l e was l i s t e d the data 
a p p e r t a i n i n g to Conf i g u r a t i o n B. Thus, i n Column ( a ) appears 
the Mould Block No. - ZA, XA> e t c . Where there was more than 
one range of i n s u l a t i o n s i z e s produced i n one block, the 
second,, t h i r d , e t c . ranges are given the s u f f i x B, C, e t c . t o 
make r e f e r e n c e t o them e a s i e r . 
(81) 
I n Columns (b) to ( f ) are l i s t e d the s i z e s which each 
range of c y l i n d e r s i n a mould-block could produce a t the 
var i o u s t h i c k n e s s e s , 1 i n c h to' 3 i n c h . I n Column (g) are 
shown the number of c y l i n d e r s - o f each s i z e contained i n the 
mould-block. 
On the r i g h t hand half, o f the t a b l e appear the c a l c u l a -
t i o n s n e c e s s a r y t o support'the s i m u l a t i o n . Columns ( h ) , ( i ) , 
(k) and (1) show the number of s h i f t s r e q u i r e d t o make 
the q u a n t i t i e s o f . i n s u l a t i o n ordered during the co s t period 
concerned,, f o r supermag and paratemp r e s p e c t i v e l y , of 1 i n c h , 
l j i n c h , 2 inch,.-2J i n c h and; 3 i n c h t h i c k n e s s . 
To e x p l a i n t h i s i n d e t a i l , t a k i n g ZA, Cost Period 3, the 
11" 
demand, f o r 1 i n c h t h i c k x • i n s u l a t i o n was 13,254 f e e t 
.supermag, and. 2,5 81. f e e t parateirip. The p o t e n t i a l .outputs per 
s h i f t were '656. (16 x 41) f e e t and 512 (16 x 32) f e e t 
13 254 
r e s p e c t i v e l y . So the number of s h i f t s r e q u i r e d were —|^.g . = 21 
( t o n e a r e s t whole number above the exact f i g u r e ) f o r supermag, 
2 581-
and = 5 f o r paratemp. I n the same way, each demand i s 
turned i n t o a number of s h i f t s f o r every r e l e v a n t e n t r y . 
The next/wide column (m) d e p i c t s a Schedule of Production 
of the material.. I t i s d i v i d e d i n t o four weeks each of 15 
s h i f t s , and bar charted f o r each moulds-block, t a k i n g care not 
to mix m a t e r i a l s when there was more than one s i z e range 
inv o l v e d . A l s o , care i n scheduling was- taken to ensure' t h a t 
the t h i c k n e s s e s of i n s u l a t i o n produced i n any one mould-block 
did not. vary i n ' s i z e by more than \ i n c h . 
T h i s type of production scheduling would be c a r r i e d out 
for. the f o l l o w i n g c o s t period at l e a s t 3 weeks before the s t a r t (82) 
of the cost p e r i o d , based on the order, f o r e c a s t from the 
S a l e s Department. The schedule might r e q u i r e amendment to 
cover rush orders, but . i t could remain the b a s i s of produc-
t i o n f o r t h a t period. 
Some of the production scheduling was a t r i f l e complex, 
p a r t i c u l a r l y when there we're more, than two s i z e ranges i n the 
mould-block-. 
The next, .column (n). d e t a i l s "Balance carr i e d , forward t o 
next Cost Period" - where : i s l i s t e d demand which has not been 
met' i n the c u r r e n t .cost period (e*g. in' c o s t p e r i o d 3, Mould-
block T, s e r i e s TA has-' 3 'shifts, .of - 1 i n c h t h i c k n e s s paratemp 
outstanding, and s e r i e s TB has: 9 s h i f t s , of 1 i n c h t h i c k n e s s , 
8 s h i f t s of • l j i n c h thicknes's, ; and 5 s h i f t s of 2 i n c h t h i c k -
ness par.atemp outstanding. 
Column (o) l i s t s ."Balance brought;'forward, from l a s t Cost 
Period" - thus, the s h o r t f a l l i n production Block T i n c o s t 
period- 3 i s shown' again as a balance brought, forward i n the 
corresponding column a g a i n s t Block T i n cost .period 4. 
F i n a l l y , Column (p) shows: the percentage, use made i n the 
c u r r e n t c o s t .period of each mould-block. The. d e s i g n a t i o n 
"100+" i n d i c a t e s t h a t t here was a s h o r t f a l l i n production, 
whereas a minus sign (e.g. Cost Period 4,. Block T - "82-") 
i n d i c a t e s t h a t t h i s , f i g u r e i n c l u d e s the percentage, used i n 
making, up. the' previous .cost period's s h o r t f a l l . 
THE' PRODUCTION SCHEDULE 
Taking a c r i t i c a l look at the . "Production -.Schedule" i n 
Column (m). of.Appendix C, i t must be appr e c i a t e d that, t h i s 
e x e r c i s e was c a r r i e d out i n order t o see how w e l l C o n f i g u r a t i o n 
B .would cope with a c t u a l demands, over a number of c o s t p e r i o d s . 
(83) 
For the four here considered, the c o n f i g u r a t i o n would have 
managed extremely w e l l - apart from the s h o r t f a l l f o r Block T 
i n cost period 3, there would have been a f u r t h e r s h o r t f a l l i n 
the same B l o c k . i n c o s t period 6. Otherwise, only i n a few 
cases has the. usage approached 100%. 
The scheduling t h a t was c a r r i e d out here, of course, would 
not be s u i t a b l e f o r a c t u a l production; Looking a t c o s t 
period 3 again, i n weeks 1 and 2 a l l 14 mould-blocks are i n 
use, i n week 3 .10 mould-blocks are in. use, and i n week 4 only 
5 are i n use. C l e a r l y , t h i s would be uneconomical i n labour 
and overheads, and as a very' simple second stage, production 
f o r Blocks Z, X,. Y, M could be rescheduled to weeks 3 and 4. 
Thi s would e f f e c t i v e l y l e v e l out mould-block usage to 10, 10, 
14, 9. 
A f u r t h e r r a t i o n a l i z a t i o n would be needed to l e v e l out 
the q u a n t i t i e s of the two' d i f f e r e n t m a t e r i a l s used. To 
i l l u s t r a t e , t h i s , i n c o s t p e r i o d 3 the q u a n t i t i e s .of the two 
materials, used i n mould-blocks was as. f o l l o w s : -















. By chance,: the. use of the two m a t e r i a l s i s reasonably 
evenly d i v i d e d . . But i n the. f i r s t week of co s t p e r i o d 4,. f o r 
i n s t a n c e , .101 mould-blocks we're turning'out .supermag, with 
only 31. t u r n i n g out paratemp. 
These-operations - namely,, l e v e l l i n g out weekly mould-block 
(84) 
usage, and evening out the q u a n t i t i e s of the two m a t e r i a l s 
used - could be c a r r i e d out most e f f i c i e n t l y by using the 
c o r r e c t computer program. So, having r a t i o n a l i z e d the 
c o n f i g u r a t i o n of mould-blocks t o something t h a t most n e a r l y 
f i t s the production p a t t e r n , and having a monthly - or 
"running monthly" changing each week - s a l e s demand, the 
l o g i c a l c o r o l l a r y would be t o make use of the f a c i l i t i e s of 
a computer t o schedule production i n the most economical way, 
i n terms of labour, m a t e r i a l s and overheads. 
(h) ' HAND SIMULATION RESULTS 
Appendix 5D t o t h i s chapter summarizes the r e s u l t s of 
the Hand Simulation; as. f a r as Percentage Usage of Mould-blocks 
i s concerned. Over the four c o s t periods, under examination, 
the most h e a v i l y used mould-block would be Block T, followed 
by Blocks V and S. None of'the remaining mould-blocks 
average more than 70% usage over the four p e r i o d s . Block L, 
with f i v e d i f f e r e n t s e r i e s contained i n the one block, looks 
u n s a t i s f a c t o r y , and i t s use would almost c e r t a i n l y i n v o l v e 
the overproduction of some s i z e s , as i t would be impossible 
to arrange blanking o f f i n such a way as to avoid t h i s happening. 
Thus i t can be s t a t e d t h a t C o n f i g u r a t i o n B would work 
more s a t i s f a c t o r i l y than the e x i s t i n g c o n f i g u r a t i o n , but i s 
not n e c e s s a r i l y the b e s t , even t a k i n g i n t o account the 
d e s i r a b i l i t y of r e t a i n i n g some of the e x i s t i n g mould-blocks 
(Z, X, W, Y, V ) . 
( i ) PHASED PROGRAMME OF CHANGEOVER 
F i n a l l y , i n order to demonstrate the f e a s i b i l i t y of 
changing over to Configuration B, a p o s s i b l e programme to do 
(85) 
t h i s , from the e x i s t i n g c o n f i g u r a t i o n , without d i s r u p t i n g 
c u r r e n t production, was prepared. T h i s programme i s shown. 
at Appendix 5E, and from, t h i s i t can be seen t h a t a t o t a l 
of nine new mould-blocks, brought i n over s i x phases, would 
be r e q u i r e d . The f i n a l t o t a l .of mould-blocks would be 
fourteen, for. the production of pipe i n s u l a t i o n , compared 
with the s i x t e e n used .at p r e s e n t . .It was f e l t t h a t the 
sma l l e r number should reduce the heed t o change mould-blocks, 
which was one of the o b j e c t s .of. t h e c o n f i g u r a t i o n . 
CONCLUSION 
The hand s i m u l a t i o n which was. c a r r i e d out with Configu-
r a t i o n B was the .subject, of a re p o r t t o the Company, i n which 
i t was reported t h a t the c o n f i g u r a t i o n would be a f e a s i b l e 
s o l u t i o n to the problem of f i n d i n g ah arrangement .of mould 
c y l i n d e r s i n blocks which would give, f l e x i b i l i t y t o production 
c o n t r o l , and .at the same time would provide adequate c a p a c i t y , 
used i n conjunction with a c o n t r o l l e d inventory p o l i c y . I t 
was pointed out t h a t Configuration B. would not n e c e s s a r i l y be 
the optimum arrangement. For. t h i s , many d i f f e r e n t c o n f i g u r a t i o n 
would have to be t r i e d out,: using the computer, and compared 
t o see which gave the best r e s u l t s over a ' l a r g e r number of 
cost p e r i o d s . 
At t h a t stage (March ,1966). the Company was. urged to c a r r y 
out the. f i r s t phase of.the conversion programme (Appendix 5E) -
namely,, the s p l i t t i n g of Mould-block C i n two h a l v e s (Blocks P 
and Q), a t the same time t a k i n g out of use Block N. T h i s would 
give the Company much needed e x t r a c a p a c i t y at 1 in c h t h i c k n e s s 
and 3", 3J" and 4" O.D., and a l s o give production c o n t r o l 
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POSSIBLE PHASED. PROGRAMME -TO CHANGE FROM EXISTING,,..CONFIGURATION 
TO CONFIGURATION' "B"y WTTH: THE' LEAST INTERRUPTION TO CURRENT 
PRODUCTION. 
l i s t i n g Configura tion •' 
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(c>. At an earl y stage 
( a f t e r 1st change), 
core change 
f a c i l i t i e s must be 
provided for c e r t a i n 
cylinders i n 
Blocks V, X S Y. 
CHAPTER .6. .:. .COMPUTER SIMULATION 
WORKS' ORDER PROCESSING T ; P.P. PROJECT (W.O.P.I) 
-'Following the completion of the hand simulation exercise 
with Configuration B, work was.done to pave the way for a 
simi l a r investigation using the computer. The object of t h i s 
simulation was to compare the. e f f i c i e n c y of several configu-
rations of mould-blocks over a number of cost periods. 
For t h i s purpose, the hand simulation was flow charted 
with the object of. using part of the output of the Data 
Processing Project "Works. Orders Processing l " . - A sample 
of the output of t h i s project i s shown at Appendix 6A. 
For t h i s D.P. Project (W.O.P.I) a monthly program was r u n ^ 
on the computer, the input data being a l l the works orders 
issued by the Sales- Department during the previous cost period.' 
As can be seen from Appendix 6A, these orders Were sorted by 
material, column 1 (Magnesia or Paratemp), by thickness, 
column 2 (1 inch - 10, ~L\ inch = 15, e t c . ) , and by s i z e , 
column 3 (using the coding shown at Appendix 6C), into orders 
for the s i x cost periods, columns 4-9 i n c l u s i v e , s t a r t i n g with 
the one immediately ahead (column 4) and forecasting forward. 
Column 10 showed undated orders, and the f i n a l column, 11, 
(95) 
V 
showed the average monthly order over the previous twelve 
months (= cost periods). 
As far as the present project was concerned, only the 
information, for the cost period immediately ahead was 
required - i . e . columns 1-4 i n c l u s i v e . 
(b) FLOW DIAGRAM 
The f i r s t necessity was to prepare a flow diagram,, using 
the operation of the hand simulation as a guide. The whole 
process started from the .output of W.O.P.I, which had to be 
sorted into production. sizes'; the production s i z e s had to be 
tabulated and the quantities of each size and thickness 
printed out as an array. This array had then to be regrouped 
i n accordance with the tabulation at Appendix 3G, by s i z e 
ranges i n accordance with .core-change p o s s i b i l i t i e s . 
This "core-change" array in turn had to be re-arranged, 
after reduction to " s h i f t s required" from "quantity required", 
to conform with the configuration under examination. Then a 
simulated "production schedule" had to be ca r r i e d out, taking 
care that where more than one s i z e range could be produced, 
the thicknesses being made at one time did not d i f f e r by more 
than one h a l f inch. F i n a l l y , the number of s h i f t s required 
to make each size range had to be t o t a l l e d for each mould-
block, and the r e s u l t printed out. 
The flow diagram at Appendix 6B i s a reconstruction of 
the o r i g i n a l . 
(c) THE DATA TAPES 
The data tapes mentioned in the. 'flow diagram are explained 
in d e t a i l at Appendices 6C, 6D,6E. 
(95) 
D.T.I (Appendix 6C) l i s t e d the W.O.P.I s i z e s in a 
convenient order to be grouped into production s i z e s . 
D.T.2 (Appendix 6D) showed the quantities of each 
W.O.P.I size required to be produced, and are different for 
each cost period. These were the demand quantities against 
which the different configurations were being tested. 
D.T.3 (Appendix 6D) l i s t e d the production s i z e s , against 
Which the quantities required to be produced could be set. 
D.T.4 (Appendix 6E) l i s t e d the block configuration 
under examination. 
(d) ' THE PROGRAM 
The computer program, written with the assistance of a 
Research Programmer, i s shown at Appendix 6F. I t i s written 
in ALGOL, and was run successfully for. two configurations, 
for. cost periods- 3 and 4, on the E l l i o t t ' 803 computer at 
Durham. 
(e) : OUTPUT L 
The output. • from these runs i s shown .at Appendix 6G. 
Configuration B (modified) shows; that a l l mould-blocks would 
be sa t i s f a c t o r y (production complete in l e s s than 60 s h i f t s ) 
except for - in cost period 3,. Block U (UA and UB) which 
required 114 s h i f t s to. complete, the production. In cost 
period- 4. there were no problems. 
In the case 'of Configuration C, in cost period- 3. Block B. 
.(Bl,. B2,. B3) completed production in 62' shifts,. Block G (G l , 
G2) in 72 s h i f t s , and Block H (HI, H2)' i n 114 s h i f t s . In 
cost period 4 also there were no problems. 
. On the .strength-.of these runs, Configuration B. (Modified) 
(97)-
ranks better than Configuration C, but i t would be more 
sat i s f a c t o r y to run the program for several more cost periods. 
F i n a l l y , the program as developed ran successfully, and 
could be used to t r y out further configurations i f wanted. 
(9 8) 
WORKS GRMSItS PROCESSING 1 
I . 
K a t o r i a l Thieknoos 
10 
15 
V. Undated orders '• AV, monthly < 
Sizo 
87 484 
AN 0 I N 
AP 3018 5999 
BA 3201 7515 
BB . . . 4857 9373 
BC 231 4072 
BD 1998 7483 
BE 1272 9771 
BF 168 2860 
BO 228 4743 
BH 21G 274 
BJ 180 3638 
BK 21 31 
BL 177 503 
BH 51 1239 
BN 30 • 203 
BP 1603 17 07 
CA 552 1224 
CB 1668 < 105S 
CC 582 ' 1417 
CD ' 1695 10G7 
CE . 1632 1019 
CF ! 18 839 
ca 0 182 
at • 45 0 
CJ 0 a 
CK 0 95 
NA 0 7H 
NB 0 649 
NC 0 353 
NT> 0 433 
NK 135 353 
NF 0 224 
NO 633 20] 
Nil 0 101) 
NJ 0 H40 
NIC 0 ' .no 
Nti I I I I M I 
NM 0 
NM 1 UO 5 0 
Nl» 33349 i o i c o 




AP 144 54rt 
I1A .'•.45 o:?7 
nn 0 1203 
nfl 0 4<ll • 
wn 231 1515 
me naa Il>5'.» 




mc 0 au 
n». 6 '/til 
HNf 7 i»0 930 
ni> (99) 4AS 04 CA 205 
12 
1C4' 








Read in integer 
equivalents of 
W.O.P.I into- an 
array 
± 





Tape 2 " 
Read in for each of N thicknesses, 
order data consisting of W.O.P.I 
size and quantity for t h i s s i z e . 
By checking against integer equi-
valent , place i n appropriate position 
in .array A 
V 
Form array^B.;". grouping/:-.. : . ' 
together--equivalent W. 0. P. 1 
si z e s into production s i z e s 
Read in l i s t of production s i z e s i n 
text form, and produce- output tape 
showing quantity of each s i z e and 
thickness to be produced 
Output 
Part 1 
Regroup data from array B into two 
separate arrays for' supermag and 
paratemp,- on basis of i n t e r n a l dia-
meters required: . also converting-
quantities to be produced into 
equivalent s h i f t s 
Read in configuration of moulds i n 
blocks and rearrange s h i f t data 
accordingly.- Compare s h i f t numbers 
where more than one si z e range i s 
produced,.and s e l e c t the largest i n 
each case. In the case of the 
smaller s h i f t numbers,- deal with the 
d i f f i c u l t y of- producing di f f e r e n t 
thicknesses simultaneously (see text, 
p.-. 82). Sum t o t a l s of largest s h i f t 
numbers • 
Output 




each block, and 
the number of 
cylinders for' 
each s i z e range 
of the configu-. 
r a t i o n , and the 
t o t a l s h i f t s to 
complete produc-
tion 
1 ,-r.i '!••;: (100) 
Appendix- 6C 
.. •. DATA TAPE 1 
Binary values of code l e t t e r s of s i z e s from W.0.P.1 (see 





: 32 : 
'16 






































































Calculation of.Binary Values 
CA = 35 + 2 7 x 33 = 4259 
etc. l e t t e r A to Z, Code from A=33, B; 
Letter D.T.I 
' BH ^ 5154 
CJ> .. 5411 
• NJ 5422 
BJ 5410 
CK 5539 
NK .. 5550 
• BK 5538 
- NL 5678 
BL 5666 
NM , 5806. 
BM 5794 
' NN 5934 
AN 5921 
BN 5922 
. NP 6190 
AP.' 6177 







(TT . . 6708) 
•,. e t c . to R=50 
Input - D.T.I 
4 2 5 9 4 2 7 0 4 2 5 8 4 3 8 7 4 3 9 8 4 3 8 6 4 5 1 5 4 5 2 6 4 5 1 4 4 6 4 3 4 6 5 4 4 6 4 2 4 7 7 1 4 7 8 2 . 4 7 7 0 4 8 9 9 
4 9 1 0 4898 5 0 2 7 503.8 S 0 2 S 5 1 5 5 5 1 6 6 5 1 5 4 5 4 1 1 542*2 5 4 1 0 * 5 5 3 9 5 5 5 0 . 5 5 3 8 5 S 7 8 5 6 6 6 
5 8 0 6 57.94 5 9 3 4 5 9 2 1 5 9 2 2 3 1 9 0 6 1 7 7 6 1 7 8 6 4 4 6 6 4 3 3 5 4 3 4 
Appendix 6D 
DATA TAPE 2. 
Data tape 2 i s produced from the r e s u l t s of "Works Order 
Processing 1". 
The tape s t a r t s with N (no. of thickness) which equals 10 
(5 thicknesses each of supermag and paratemp) 
I t then has pairs of figures s t r a i g h t from W.0.P.1 output, 
i . e . "Code l e t t e r value", "Quantity for CP.3(4 e t c . ) " . 
.Thus (from CP.4 example): 
5921 ( i . e . AN) 0 
6177 ( i . e . AP) 0 
4258 ( i . e . BA) 2871 
4386 ( i . e . BB) 8012 
to the end of 1 inch thicknesses of Magnesia 
repeat for l j inch thicknesses of Magnesia 
then again for 2, 2\ and 3 inch thicknesses of Magnesia 
then 1 inch, l j , 2, 1\ and 3 inch thicknesses of Paratemp. 
• DAT A T APE' 3 
Data Tape 3 gives the l i s t of production s i z e s to s u i t 
O.D. pipe s i z e s as. vulgar f r a c t i o n s , from through to 8s". 
This data tape i s standard for a l l programs and i s shown below. 




















^ (102) S2W17/2ES5?? 
. . . . Appendix 6E ' 
. DATA TAPE 4 
Data Tape H shows the Block Configuration under examination 
For Configuration B (modified) the data tape ends with 99, and. • 
for Configuration C i t ends with 999.. • 
A configuration i s shown in the data tape as follows, for .. 
each mould-block: 
F i r s t • f i g u r e : number of s i z e ranges in the block • 
Second figure: .. coding of f i r s t s i ze range in the 
block (see Appendix 3G) 
Third figure: • block, l a b e l of f i r s t s i ze range 
Fourth figure: - number of cylinders in f i r s t s i z e range 
F i f t h figure: coding of second s i z e range ( i f any) 
Sixth and Seventh: as for t h i r d and fourth for second 
s i z e range 
The complete data tapes for Configuration B (modified) and 
Configuration C are shown overleaf. Looking at the t h i r d block 
for Configuration B (modified), t h i s reads '2, 2, £WA?, 9, 3, 
£WB?, 9. From.Appendix 3G i t can be seen that, coding No. 2 
• - .2 7 « 11" 
i s u . x. 1 inch, and coding No. 3 i s lyg- x 1 inch, so the entry 
2 7" 
means:- "2 s i z e ranges i n the block: f i r s t range - -gy x' 1 inch 
T I I 
Block WA,-:9 cylinders:, second range - x..l inch, Block WB., 
9 cylinders", and so on. 
(103) 
Appendix 6E- (contd..) 
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COMPUTER PROGRAM TO CALCULATE SHIFTS 
:ALCULATICN OF SHIFTS; ' /VPPgNDt^ 6 F 
ts^ij. integer char,up,word,i,j,n,m,N,SH,z,p,TS,TP,SHS,SHP; 
" * r e a l array S,P[1;5,1;33]; 
integer array x[1:43],A,B[1:10,1:43],SUP,.PAR[ 1:1Q],J, blnoCl: 103,TEXT£ 1:1003; 
switch ss:=l3,i4,15; 
P G O G O D U R E 1 trans; 
-.begin switch qq:=li; 4 
.1: '.; elliott(7,3,6444,0,4,0,6445); 
elliott(2,0,char,0,4,2,11); 
i f char=127 or char=3 or char=€4 or char=2 or char=4 
then goto 11; 
end;- • 1 
>rint ££s55?MA(^ESIA£S72?PARATELIP£L2?Size £S1671.0?, 
sameline,££S13?1o5£S13?2.0£S13?2<(5£S13?390£S14?1.0£S13?1.5£S13??, 
Baseline,£2.0£S13?2.5£S13?3«0£L1??; 
for j:=1 step 1 until 43?do 
for m:=1 step 1 until 10 do 
A[mfj]:=B[m,j]:=0; 
for j:=1 step 1 until 43 do read j c [ j ] ; 
end; 
read N; 
for m:=1 step 1 until N do 
begin up:=word:=0; ', 
for i:=1,2 do 
begin trans; 






for j:=1 step 1 until 43 do 
begin i f word=x[j] then 
begin read n; 
vjl: * A j rv»: ** - 1 j 
end; 8 ^ •* 
end; 
i f word=4262 or word=4390 gr word=6694 or vord=6708 then 
Begin read n; ra:=m-1; goto 13 end; T" 
read n; 
print £SIZE CORRESPONDING TO?, sameline.n, 
££s2? i n group?,sameline,B,££S27not found£L1??; 
stop; 
(106) 
for m:=l step 1 until N do 
begin A[m,l3:=B[m,1 ]+BCm,2]; Atm,21:=Btmt3Ti+Blm,4l*Blm,5']; A[m, 3] :=B[m»6]+B[m,7]+B[m, 8]; A[tn,4] :=B[a,9]+B[m, 10]+B[m, 11]; 
ACm,5]:=B[m,12]+B[m,13]+B[m,143; A[m,6]:=B[m,15]; 
A[B,7] :=B[m, 16]+B[a, 17]; A[m,8] :=B[m, 18]; A[m,9] :=B[m, 19]+B[m,20]; 
A[m, 10]:=B[n,21 ]+B[n,22]+B[m,23]; A[m,11 ] :=B[m,24]+B[ia,25]+B[ni,26]; 
A[m,12]:=B[ja,27]+B[m,28]+B[m,29]; A[m,13] :=B[m,30]+B[n,31 ] ; 
A[m,143:=B[m,32]+B[m,33]; A£m,15]:=B[m,34]; A[m,16]:=B[a,3S]; 
A[m,173:=B[mf36]+B[m,373; A[m,18]:=B[jn,38]; 




for j:=1 step 1 until 21 do 
begin in6tring(TEXT,z); 
out8tring(TEXT,p); 
for xu:=1 step 1 until N do 
print digits(6), 6aaeline,££S9??,saaeline,A[a, j ] ; 
end; 
print ££15?part 2 now:-£11??; 
Print ££110?BLOCK CONFICHJRATION£s5?ND. IN BLOCK2s5?SHIFTS£127?; 
for j:=1 step 1 until 33 do 
for a:=1 step 1 until N/2 do 
S[m,j]:=pT£7j]:=o; 
for a:=1 step 1 until N/2 do 
begin for j:=1 step 1 until 10 do 
begin S [m, j+4* (m-1)3: =A[m, jlT^I; 
P[mf j+4* (n-1) ] : 5A[ia+5, j]/32; end; 




for j:=27,j+1 while j-2*<m+3)<21 and 4<33 do 





APPgNj>\y 6 F Ou-rQ 
read a; i f n=99 then goto 15; i f n=999 then 
begin print ££15?End of Programme?; stop end; 
TS:=TP:=SHS:=SHP:=0; 
for i:=l step 1 until n do 
begin read"jTi]; print ££L1??; z:=1; instring(TEXT,z); z:=1j outstring(TEXT,z); 
read blno[i]; print££S27??,saaeline, digits(2),blno[i]; 
SUP[i3:=PAR[i]:=0; 
end; 
for n:=1 step 1 unti l N/2 do 
begin for i:=1 step 1 un t i l n do 
begin SUP[ilT^SUPCiTi:entier(S[», J[i]]/blno[i]+0.8); 
PAR[i]:=PAR[i]+entier(P[ia, J[i3]/blnoCi]+0.8); 
i f SUP[i]<SHS then SUP[i]:=SHS; 
i f SUPCi]XTS then TS:=SUP[i3; 
SUP[i]:=checki(SUP[i3); 
i f PAR[i3<SHP then PAR[i]:=SHP; 
i f PAR[i]>TP then TP:=PAR[i]; 
PAR[i]:=checki(PAR[i]); 
end; 
SHS:=TS; SHP:=TP; TSx=TP:=0; 
end; 






end of programme; 
(108) 
C O S T I. 
MAGNESIA 
Size 1.0 1.5 2.0 2.5 3.0 
11/16 1566 75 219 0 0 
27/32 11528 648 201 36 0 
17/16 10097 1428 27 0 0 
43/32 13254 2085 0 0 0 
27/16 7623 828 0 0 0 
51/32 8143 1359 0 0 0 
17/8 1785 261 123 0 0 
19/8 10572 2385 264 0 0 
21/8 195 615 549 0 'o 
3 2265 ' 783 880 0 0 
7/2 - 5223 1494 837 0 0 
4 897 150 516 0 0 
9/2 3840 2169 1299 0 0 
5 198 405 78 0 0 
11/2 -r 267 1263 879 51 0 
6 381 15 189 0 0 
13/2 2109 1515 621- 783 0 
7 75 78 . 30 0 0 
15/2 . 375 219 228 111 0 
8 0 0 0 0 0 
17/2 0 0 0 0 0 
PARATEMP 
Size 1.0 1.5 2.0 2.5 3.0 
11/16 1968 303 357 57 18 
27/32 4617 0 408 0 0 
17/16 1686 1260 102 0 0 
43/32 2581 171 39 0 0 
27/16 783 519 453 0 0 
51/32 906 12 60 0 0 
17/8 648 711 909 0 0 
19/8 429 1773 114 0 0 
21/8 768 441 681 . 0 0 
3 582 444 876 0 0 
7/2 774 975 654 0 0 
4 300 936 1557 0 0 
9/2 78 222 486 • 0 0 
5 214 465 204 246 0 
11/2 333 0 450 0 51 
6 528 316 615 0 15 
13/2 228 6 315 0 0 
7 4 300 216 0 0 
15/2 144 156 768 174 0 
8 0 0 0 0 0 
17/2 0 0 0 0 0 
(109) 
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NO. IN BLOCK SHIFTS 
Al 








C2 9 5 36 
Dl 
D2 8 5 47 
E l 
E2 7 3 40 
F l 
F2 2 7 47 
Gl. 
G2 2 3 
HI 
H2 4 1 Hi J l 
J2 1 3 
— — = » * 
40 
Kl 
K2 1 2 50 
LI 
L2 1 2 26 
Ml 










C O S T pgg-iop 4^ O O T P W T Pf^-T 1. 
I.WGNESI.A 
Size 1." 5.5 2.P 2.5 3." 
11/16 r>5??n 51 n 
27/32 4JSK5 ' n n 0 n 
17/16 8159 i s * 0 0 r 
43/32 4P.0 0 n r 
27/16 4443 7^9, 15 0 
51/32 7 sr*. 9(55 45 0 p 
17/8 If-6 8 0 0 0 n 
19/8 9951 12*7 525 0 0 
21/8 5?i ?7 0 0 n 
3 14*7. 510 0 0 
7/2 549 2?.f7 pro 0 0 
4 ' 402 444 Gio 0 0 
9/2 4176 115 3 693 53 
5 48 P25 If, 0 0 
11/2 750 fis 67 0 r\ 
6 > 15ft . F4S 0 r 
13/2 1554 13P6 •"569 6 0 
7 0 4n2 r» , 0 1 • 0 
15/2 519 -291 2G1 0 (1 
8 0 0 0 0 0 
17/2 n 0 °- 0 n 
r * 
Size T.O 1.5 2.0 2.5 
11/16 49 n 0 n 
27/32 Cc3. 72 n 
17/16 4<5R 0 r> 
43/32 1 T31 0 3 n n 
27/16 114 3 15 0 n 
51/32 11*3 so 0 r 
17/8 0 0 0 0 0 
19/8 . 15«0 C54 66 . 21 0 
21/8 n 0 0 n 
3 411 r> 0 0 r 
7/2 498 42 252 *4 
4 0 0 C 0 
9/2 7,0J? 21 7 a 0 51 
5 "' 3 0 •. 0 n n 
11/2 49. n 0 n 
6 C c r-
13/2 " i ' 9 ir>2 0 0 
7 n 0 0 19* n 
15/2 0 0 S n O /> 
8 o 0 0 0 n 
17/2 0 0 . 0 0 0 
(111) 
r. 
Cos.- pe^iop 4- OOTPiTT PftfiT *Z-
CONRG-oftftTiOTM 
NO. IN BLOCK SHIFTS 









v c 4*2 
n 1*. 
PS 5 
O / i d H i n n ) 
a * 3 
?<\ 4 




T B i 2R 
TT A 3 
T H 1 
T ™ • 3 / I 
:.."t> . 1. 
L* 1 • 
T T3 
T.C 2 
T.D •> *» 
LI! 1 
T.r i 
CONFIGURATION NO. IN BLOCK SHIFTS 
M P 
A2 _ O 25 
B l 
B2 . s 
B3' 5 J 4 
CI .' p 














K2 • I S 
T.I 1 
L ? 0 
r.n. 1 





. .CHARTER .7. .COMMENTS. AND CONCLUSIONS 
(a) GENERAL COMMENTS 
Although t h i s p r o j e c t was mainly concerned with the 
e f f e c t of mould-block c o n f i g u r a t i o n on production, i t was 
c l e a r l y seen t h a t other problems e x i s t e d a t the works which 
had a con s i d e r a b l e bearing on t h e ' d i f f i c u l t i e s of the 
Production Department. Some of these problems were being 
t a c k l e d c o n c u r r e n t l y with t h i s p r o j e c t , and others would 
have been t a c k l e d i f the work f o r t h i s Company had continued. 
These problems in c l u d e d the f o l l o w i n g : -
(1) Sales' Department' Information The P r o j e c t "Works Order 
P r o c e s s i n g " , r e f e r r e d t o p a r t i c u l a r l y i n chapters 5 and 
6, was a Data P r o c e s s i n g p r o j e c t designed t o give r a p i d 
information to the S a l e s Department of orders r e c e i v e d . 
A program had been developed and was working w e l l to 
produce information i n the s t y l e shown a t Appendix 6A. 
Thi s information would a l s o be of value t o the Produc-
t i o n Department i f grouped i n t o "production" s i z e s . 
(2) ' Demand F o r e c a s t i n g Another M.Sc. candidate, 
Mr. G.W. Hannan, was working on a s o p h i s t i c a t e d method 
of Demand Forecasting,, using h i s t o r i c a l data and trend 
(113) 
information. Computer programs ( e n t i t l e d FORTICUM 
and SIMPLICUM) had been obtained from I C I L t d . and 
adapted t o t h i s problem, but the t h e s i s has not so f a r 
been presented. The present w r i t e r has h i m s e l f c a r r i e d 
.out a s u p e r f i c i a l examination of the p o s s i b i l i t i e s of 
f o r e c a s t i n g demand reasonably a c c u r a t e l y , t h i s being an 
e s t a b l i s h e d OR technique. One method,, using 
exponential smoothing is. d e s c r i b e d by Robert G. Brown 
i n h i s book " S t a t i s t i c a l Forecasting, f o r Inventory 
C o n t r o l " (New York, McGraw H i l l , 1959) pages 45 e t seq. 
T h i s method was explored,, u s i n g the production data f o r 
supermag, 1 i n c h .'thick; f o r yg- pipe, s t a r t i n g i n August 
19.60, and working through to 1964. Various smoothing 
constants ranging from a=0.1 to a = 0.5 were. used. I n 
t h i s method, the smoothing constant holds the key t o the 
response - a sm a l l value (0.1) give s a slow and gradual 
response, whereas a high value (0.5) causes the es t i m a t e s 
to respond q u i c k l y , not only to r e a l changes but a l s o to 
random, f l u c t u a t i o n s . In-the present s i t u a t i o n , , the 
a c t u a l changes were so great t h a t even with a smoothing 
constant of. 0.5,. l a r g e .cumulative d e f i c i t s occurred 
( a t times production was n e a r l y .4.0.00. f e e t i n a r r e a r s ) , 
followed by e q u a l l y l a r g e .surpluses, of stock. A l o t 
more e f f o r t would be needed i n this , d i r e c t i o n to produce 
a reasonable, f o r e c a s t i n g s e r v i c e f o r the whole range of 
size's, .of i n s u l a t i o n ; Another possible, f o r e c a s t i n g 
technique might be. '.to analyse, the Sales' Department 
information from subparagraph (1) above, t o see i f a 
(114) 
r e l a t i o n s h i p e x i s t s between f i g u r e s showing known orders 
f o r , say, May a t the beginning of A p r i l and known orders 
f o r May at the beginning of June - i . e . i f a f a i r l y con-
s t a n t r a t i o e x i s t s f o r known orders f o r e c a s t two months 
ahead f o r any p a r t i c u l a r s i z e , with the completed order 
book f o r t h a t month, t h i s r a t i o could be used t o base 
production month by month on the f o r e c a s t f i g u r e - r e f e r -
r i n g back to Appendix 6A, u s i n g the demand f o r e c a s t f o r 
c o s t p e r iod 5, m u l t i p l i e d by the constant r a t i o , as a pro-
duction planning, f i g u r e a t the beginning of c o s t p e r i o d 4. 
(3) Materials' "Used .It was considered t h a t the p o s i t i o n would 
be g r e a t l y s i m p l i f i e d i f only one b a s i c raw m a t e r i a l were 
. used. T h i s was suggested t o the Management, who did not 
f e e l t h a t , at t h a t time,, t h i s s u b j e c t should be explored 
i n depth. 
(4) : :0'ther Methods: of Manufacture Competitors were obviously 
using d i f f e r e n t methods of manufacture, and a comparative 
study would have been of great i n t e r e s t . However, 
. commercial .se c u r i t y problems would probably r u l e .out such 
an i n v e s t i g a t i o n . 
(5) Drying Process The e x i s t i n g system of removing the wet 
p i e c e s of i n s u l a t i o n from the moulds by hand, p l a c i n g them 
on bogies, and so t r a n s p o r t i n g them to the drying t u n n e l s 
f o r a week', seemed to need i n v e s t i g a t i o n . A standard 
gauge, for. the t r a c k would have given more f l e x i b i l i t y . 
(6) 'Finishing I t was not c l e a r why pipe s e c t i o n s of i n s u l a -
t.ion were c a s t i n one p i e c e and then s p l i t lengthwise by 
machine. The whole, f i n i s h i n g process seemed to need 
i n v e s t i g a t i o n , t o cut down the amount of machining r e q u i r e d . 
(115) 
(7) Storage I t was considered t h a t a p r o f i t a b l e study, could 
have been done on the e x i s t i n g system of storage at the 
f a c t o r y , i n the depots, and on s i t e s ' , together with the 
d i s t r i b u t i o n system between them. Such problems as 
whether l a r g e s tocks of l e s s popular s i z e s should be h e l d 
( u s u a l l y c o n s i s t i n g of the .'larger s i z e s ) , and what pro-
p o r t i o n of f u t u r e demand should be so s t o r e d , r e q u i r e d 
examination. A study to determine the s i z e of s a f e t y 
s t o c k s , using h i s t o r i c a l datay i s another, that, could have 
provided u s e f u l r e s u l t s . 
(8) Costs P r e p a r a t i o n s we're i n hand, at the time of the 
ending of the p r o j e c t , t o i n v e s t i g a t e : c o s t s of manufacture, 
storage and d i s t r i b u t i o n , and a l s o the equipment overheads. 
Some of these c o s t s would have had an important bearing on 
the mould-block c o n f i g u r a t i o n study. For example, i n the 
case of those s i z e s f o r which demand was s m a l l , i t might 
prove cheaper t o produce a l a r g e q u a n t i t y - say .a y e a r ' s 
requirement - and s t o r e i t , r a t h e r than attempt t o produce 
them as r e q u i r e d . I f t h i s was the', c a s e , - i t might be 
p r e f e r a b l e t o gather together these s i z e s i n mould-blocks, 
r a t h e r than d i s t r i b u t e them as was done i n the c o n f i g u -
r a t i o n s designed f o r t r i a l i n the p r o j e c t . 
Apart from these suggested i n v e s t i g a t i o n s , the amount, of 
data a v a i l a b l e a t the works had a bearing on the p r o j e c t s 
a c t u a l l y undertaken. Although, as has been seen, a l a r g e 
amount of production data was forthcoming, other information 
was u n f o r t u n a t e l y l a c k i n g . As an example, there appeared to 
be no s a l e s f o r e c a s t i n g c a r r i e d out and t h e r e f o r e no f o r e c a s t 
demand f i g u r e s , which would have provided a b e t t e r s e t of data 
(116) 
on which t o base the s i m u l a t i o n s d e s c r i b e d i n chapters 5 and 6. 
CHANGE'S" IN' THE INDUSTRY 
More than three years have elapsed since, the l a s t 
p r a c t i c a l work was c a r r i e d out on t h i s p r o j e c t . I t is - of 
i n t e r e s t to see what changes have taken p l a c e i n the manufac-
ture of thermal i n s u l a t i o n • since, then. 
The main f a c t o r which has had impact on the i n d u s t r y has 
been the e f f e c t of asbestos on h e a l t h . For many yea r s there 
were s u s p i c i o n s t h a t workers i n asbestos were a t r i s k as f a r 
as t h e i r lungs were concerned. These s u s p i c i o n s have now 
become a near c e r t a i n t y , with the re.sult t h a t s t r i n g e n t pre-
c a u t i o n s have t o be taken where workers are exposed t o these 
hazards. 
T h i s was a s e r i o u s matter t o the I n s u l a t i o n i n d u s t r y , 
which has always r e l i e d upon, the i n c l u s i o n .of a s b e s t o s t o 
provide the i n s u l a t i n g m a t e r i a l with the ne c e s s a r y .strength. 
A second f a c t o r has been the d i f f i c u l t y of obta i n i n g ' 
s u p p l i e s of the as b e s t o s , which formerly came mainly from 
Rhodesia. 
Accordingly,, the main e f f o r t s , of the R. & D. .sta f f of 
thermal i n s u l a t i o n manufacturers has been to. f i n d a s u i t a b l e 
s u b s t i t u t e f o r asbestos. S e v e r a l m a t e r i a l s have been t r i e d 
out, the most promising being wood pulp -• l a r g e l y e x t r a c t e d 
from paper - and glass, f i b r e . Problems s t i l l e x i s t i n the 
use of these m a t e r i a l s , but many, firms are: using them s a t i s -
f a c t o r i l y , thereby making the s t r i n g e n t h e a l t h precautions 
r e q u i r e d f o r asbestos, unnecessary. I t i s probably not too 
much to say t h a t without the development of such s u b s t i t u t e s , 
many fir m s would have had t o go out of business due to the 
d i f f i c u l t y of complying with the h e a l t h r e g u l a t i o n s . 
(117) 
I n other r e s p e c t s , the p a r t i c u l a r part, of the. 
manufacturing process with which t h i s paper i s concerned has 
continued, and as f a r as Company 'Xr i s concerned, expanded. 
SUMMARY AND CONCLUSIONS 
The main, purpose of t h i s t h e s i s has been t o demonstrate 
th a t Operational Research uses the- same technique as 
S c i e n t i f i c Method, and f o l l o w s the same d i s t i n c t s t a g e s . 
Thus, an assessment of the problem was made a t the. o u t s e t , 
which was r e v i s e d i n the l i g h t of f u r t h e r knowledge of the 
production system. A l a r g e amount of data was made a v a i l a b l e 
on outputj and f u r t h e r f a c t u a l data regarding the d e t a i l e d 
moulding process was c o l l e c t e d . T h i s data was analysed, and 
the general trends i n production of the various s i z e s of pipe 
i n s u l a t i o n were examined. A model of mould-block c o n f i g u r a * 
t i o n s was made, from which v a r i o u s c o n f i g u r a t i o n s of mould-blocks 
could be devised. 
A hand s i m u l a t i o n of production, both using the e x i s t i n g 
c o n f i g u r a t i o n and a newly devised c o n f i g u r a t i o i i ~, was 
p a i n s t a k i n g l y c a r r i e d out, and a p o s s i b l e rearrangement of 
mould c y l i n d e r s i n the mould-blocks was suggested to Management. 
F i n a l l y , a computer program was developed t o the stage when 
any c o n f i g u r a t i o n could be t e s t e d i n order t o s e l e c t " t h e most 
e f f i c i e n t one, using h i s t o r i c a l demand data. T h i s program 
was a c t u a l l y t r i e d out i n r e s p e c t of two- d i f f e r e n t c o n f i g u r a -
t i o n s , i n order t o check i t s method of working. 
The only p a r t of the r o u t i n e , which has not been 
demonstrated, has been the continuing check on performance. 
This, u n f o r t u n a t e l y was unavoidable, under the circumstances. 
(118) 
The v e h i c l e f o r t h i s demonstration was the p a r t i c u l a r 
problem of the production scheduling of the manufacture of 
p r e c i s i o n moulded thermal i n s u l a t i o n i n the Chemical Company-. 
Th i s has proved to be an i n t e r e s t i n g problem, only p a r t -of 
which has been t a c k l e d i n t h i s t h e s i s . The suggested 
Configuration B of mould c y l i n d e r s i n mould-blocks would have 
made the job of production c o n t r o l much e a s i e r , and production 
scheduling could have been c a r r i e d out on the l i n e s used i n 
the hand and computer s i m u l a t i o n s . ' More work, on the l i n e s 
of the general comments l i s t e d above, remained to be done, but 
with an e f f i c i e n t demand f o r e c a s t i n g system as i n d i c a t e d , 
Production C o n t r o l couid have put t h e i r scheduling problems 
with s a f e t y i n the hands of t h e i r EDP s t a f f , i f r e c r u i t e d , or 
otherwise with a Bureau. 
(119) 
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L i s t s of s u p p l i e r s with d e t a i l s of. the m a t e r i a l s they make, 
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back to 19-37 (US) and 1942 ( B r i t i s h ) and d e a l t with a s p e c t s of 
curr e n t and past methods, .of manufacture. The most r e c e n t 
(post 196 4) were as. f o l l o w s : -
32. Br.1,112,465/May 68 Co. de S.t-Gobain, France - . the. use 
of a f i b r e mat .of. v i t r e o u s m a t e r i a l f o r i n s u l a t i o n 
33. Br.l,133,495/Nov.68 Chemical ' s I n s u l a t i n g Co. L t d . , UK -
. the., use of wood pulp i n p l a c e of asbestos i n Magnesia 
i n s u l a t i o n • 
(125) 
34. Br.l,136,811/Dec.68 Foseco Trading A.G., S w i t z e r l a n d -
method of producing i n s u l a t i o n i n a continuous sheet 
or s t r i p f o r subsequent c u t t i n g 
35. Br.l,147,905/Apr.69 EURATOM, Belgium - a new type of 
i n s u l a n t mainly f o r n u c l e a r r e a c t o r s , formed by 
immersing a hot tube i n c o l d l i q u i d 
36. Br.1,154,324/June 69 Gape I n s u l a t i o n L t d . , UK - the use 
of mineral f i b r e s - asbe s t o s , rockwoo-I, glasswool, 
slagwool 
37. Br.l,157,239/July 69 Kabel und Metallwerke G.H.H.A.G., 
Germany - continuous method of manufacturing t h e r m a l l y 
i n s u l a t e d pipes complete 
I n the case of Calcium S i l i c a t e , the patents examined were 
dated from 1940 (US) and 1954 ( B r i t i s h ) . The post-1964 r e l e v a n t 
ones are as f o l l o w s : -
38. Br.984,112/Feb.65 and US.3,238,052/March 66 U n i l e v e r L t d . , 
UK and Joseph C r o s s f i e l d L t d . , UK. Not d i r e c t l y 
r e l e v a n t - r e l a t e s t o the manufacture of s i l i c a t e 
m a t e r i a l s ( s y n t h e t i c hydrated calcium and sodium 
a l u m i h o - s i l i c a t e s ) 
39. US.3,317,643/May 6 7 Owens-Corning F i b e r g l a s s Corp. USA. 
The production of s y n t h e t i c x o n o t l i t e and r e f e r s mainly 
to a u t o c l a v i n g 
40. US.3,352,746/Nov.67 Johns-Manvilie Corp., USA. R e l a t e s 
t o the redu c t i o n of shrinkage of .hydrated ca l c i u m 
s i l i c a t e bodies by c o n t r o l l i n g the e f f e c t i v e s u r f a c e 
a r e a of s i l i c a r e a c t a n t 
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